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PREFACE. 



■•o*- 



This little work has been written primarily for young 
students who are preparing for the examinations in Elementary 
Chemistry, on the lines of the new * Alternative ' Syllabus ; but, 
being essentially a brief and simple outline of the Chemistry of 
Common Things, it is hoped that it may be found useful to all 
who wish to acquire a knowledge of the elementary principles 
of Chemistry, so far as concerns the common objects and 
phenomena of every-day life. 

It is also hoped that this little book may serve as an intro- 
duction to the study of other branches of natural science, such 
as Botany, Physiology, Geology, Astronomy, Electricity, &c. 
It is impossible to properly understand many of the facts and 
principles of these sciences without at least such a knowledge 
of Chemistry as this book supplies ; but as an extensive ac- 
quaintance with the subject is not necessary for this purpose, 
the author has endeavoured to avoid the use of technical 
i terms, and to employ simple language throughout. 
'"" An endeavour has also been made to render the book 
- thoroughly practical in its character ; and therefore, although 
>3the author has written primarily for students who are attending 
ssclasses under the guidance of a teacher, yet such simple in- 
SSstructions are given, especially in the earlier pages^ thaA. ^n^\^ 

ui 
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the felf-taught student may find no difficulty in the performance 
iA ibe various experiments. 

Kach lesson concludes with a Summary of its chief teach- 
ings ; and it is intended that this shall serve to fix on the 
monory the main facts of the lesson, and recall the various 
ex[>eriments in illustration thereof^ 

Several of the cuts have been engraved specially for this 
tvorki and the others have been selected from Reynolds' 
* Experimental Chemistry/ Jago's * Inorganic Chemistry,' 
Miller's * Elements of Chemistry,' Miller's * Inorganic Che- 
mistry,' Tilden's ' Practical Chemistry,' and Wright's * Sound, 
Light, and Heat.' 

W. S. F. 
East Dulwich : January 1888. 



PREFACE TO THE THIRD EDITION. 



In the present issue the questions set at the Examinations 
of the Science and Art Department have been brought up to 
date. 

A list of the more important elements has been added, 
with their symbols and atomic weights; also a list of the 
compound substances mentioned in the text, with their 
formulae. 

As a result of numerous inquiries received from teachers 
who are using the book in their classes, it has been thought 
desirable to insert a list of the chemicals and apparatus 
required for the experiments and illustrations, together with 
approximate prices. 
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Part i.— inorganic chemistry. 



LESSON I. 

SOLUTION, CRYSTALLISATION, AND FILTRATIOW. 



fizperiment X. — Place a piece of loaf sugar on wire gauze 

'Pended by threads, and pass it into a glass of water. The 

J-^SS-x gradually disappears, and is diffused through the water. 

^ presence may be proved by the sweet taste imparted to all 

P *^ of the liquid. It has become 

i^**id in consequence of an affinity 

J^^Ween its particles and those of the 

*ter, and is said to be dissolved. Such 

^nion of sugar and water is called a 

"^Ititioa of sugar ; the water is termed 

y^ K^vent of the sugar, which is said 

*^ be Bolnble In water. 



^ There is no loss of weigbt by 
solation. 

Experiment 2. — Weigh carefully ^'"^ '■"g';^;,^"""""^ ^"^ 
«K pound of water, and then one 
ounce of common salt Mix the two substances in a glass 
Wssel, and stir till the whole of the salt is dissolved. Now 
t^h again, and notice that, although the salt has become 
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quantity of the solution. Alum, nitre, or potassium bichro- 
mate will also give beautiful groups of crystals if treated in the 
same manner. When a substance assumes these definite 
geometric forms it is said to be crystalline. 






8. Insolubility and suspension. 

Experiment 7.— Mix a little finely powdered chalk with 
water and stir well. The chalk does not dissolve, but remains 
in the form of small solid particles suspended in the water. 
Chalk is therefore said to be insoluble in water, and the particles 
floating about in the liquid are said to be held in suspension. 

9. Two kinds of impurities in water. 

Experiment 8. — Now add to the same mixture of chalk 
and water a few small crystals of copper sulphate, and stir 
again. The crystals dissolve, and by the light greenish-blue 
tint imparted to the water, we may know that the copper sul- 
phate has diffused itself throughout the mass. Thus we pro- 
duce a sample of water containing two kinds of impurities: — 

(i) Impurity in suspension — chalk particles. 
(2) Impurity in solution — copper sulphate. 

10. Separation of impurities from water. 

Experiment 9. — If we set this mixture aside for a little 
time, we find that the solid chalk particles settle to the bottom 
of the vessel, while the dissolved copper sulphate remains as a 
liquid diffused through the water. We may now pour off the 
clear bluish liquid so gently as to leave the chalk behind, 
almost free from water and copper sulphate. This is termed 
decantation. By mixing the chalk with a fresh supply of water, 
and again decanting after the chalk has collected at the bottom, 
we may get it entirely free from the copper sulphate, and by sub- 
sequent drying it may be freed from water. The copper sul- 
phate also may be obtained in a pure state by the evaporation 
of the waten Thus we are able to separate water from its im- 
purities, and the dissolved from the suspended impurities. 
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11. Filter and flItratioiL 
Experiment 10. — But there is a better method of separating 
suspended impurities from water than decanting. It is termed 
filtration, and the apparatus employed is called a filter. The 




Fic 6.— Showing how the Filter 

simplest filter, and the one generally employed for chemical 
purposes, consists of a glass funnel (metal funnels are not 
used, because they are corroded by some of the chemicals), 
into which is fitted a piece 
of porous paper. Blotting- 
paper may be used, but an 
unglazed paper is manu- 
factured specially 'for the 
purpose, generally ready cut 
in circles. The funnel may 
be supported by a ring of 
wire attached to an upright 
support. The circular paper 
is first doubled, then doubled 
again to form a quadrant ; 
it is next opened out to form 
a conical cup, by taking three 
thicknesses of paper on one 
side and one on the other. 
After placing it in the funnel, ' 
a little water will be neces- 
sary to make it adhere to the 
gl^. The pores of the paper 

can pass through, and the solid impurities remain on the filter. 
The liquid to be filtered should be poured very gently into 




e so small that only the liquid 
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be seen that the spirit and the water will completely mix, 
the whole becoming evenly coloured throughout Hence we 
say that spirit is soluble in water, or that water is soluble in 
spirit 

19. Oil is insoluble in water. 

Experiment 14. — Pour some olive oil into a vessel of water. 
The oil, being lighter, floats on the water. Shake the two 
liquids together vigorously, and the oil may still be seen in the 
form of minute globules suspended in t"he water. If the mix- 
ture be now set at rest for a short time, the oil globules will all 
rise and collect at the top. Oil and water, therefore, are in- 
soluble in each other. 

From the last two and similar experiments we learn that 
some liquids are soluble and some are insoluble in one 
another. 

20. Other illustrations. 

The following experiments should be attempted by the 
studwit, and the results noted : — 

(i) Mix water with sulphuric acid (oil of vitriol). 

(2) Mix mercury (quicksilver) with water. 

(3) Mix mercury with oil. 

The first of these illustrates solubility, and the others in- 
solubility. 

21. Solubility of gases. 

Experiment 15. — Some gases are soluble in certain liquids. 
Heat some ordinary drinking water or rain water in a flask over 
a spirit lamp. Long before the water boils, bubbles may be 
seen rising to the surface. These consist of gases which have 
been dissolved from the atmosphere by the water, probably 
for the most part while the water was suspended in the air or 
falling as rain. 

22. Gases soluble in water. 

Ammonia gas is exceedingly soluble in water, one volume 
of water at a low temperature dissolving over 1,000 volumes of 
the gas. Warmer water cannot contain so much ammonia in 
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^lution ; and, if the solution be boiled, the whole of the gas is 
^^iven off. The solution of ammonia is sold by chemists 
^^derthe name of hartshorn. Hydrochlorie acid is a gas very 
^^liible in water, and its solution is sold as spirits of salt or 
Muriatic acid. Water will dissolve about its own volume of 
^^rbonic acid gas. ** Soda water " and many other mineral 
Waters contain this gas. Gases held in solution by cold water 
^y always be driven off by heat 

23. Summary. 

The following is a summary of the main facts taught in this 
lesson : — 

1. When the particles of a solid substance become 
thoroughly intermingled with the particles of a liquid, the solid 
is dissolved in the liquid, and the mixture is termed a solution, 

2. When a substance is dissolved it does not lose in weight 

3. Crystals of a solid may be obtained by evaporating the 
liquid in which it is dissolved. 

4. When a liquid contains as much of a dissolved solid as 
it can possibly hold in solution, it is said to be saturated, 

5. Hot water is a better solvent for solids than cold water. 

6. Crystals of a solid may be obtained by the cooling of its 
hot saturated solution. 

7. Solid particles floating in a liquid are said to be held in 
suspension, and such particles may be separated by filtration. 

8. Dissolved impurities in a liquid may be separated by the 
evaporation of that liquid. 

9. Some solids are insoluble in water, but may be dissolved 
in other liquids. 

10. A liquid has a higher specific gravity when it contains 
solids in solution than when pure. 

11. A deliquescent substance is a solid which readily 
becomes liquid by the absorption of moisture from the atmo- 
sphere. 

12. Some liquids are soluble in other hquids. 

13. Some gases are soluble in water, but may always be 
driven off by the application of heat 

These facts should all be committed to memory by the 
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student, who should also endeavour to recall all the experi- 
ments by which they are illustrated, and, if possible, perform 
them himself. 

QUESTIONS ON LESSON I. 

1. Explain the terms solution^ solvent^ and soluble \ and illustrate youi 
answer by reference to some simple experiment. 

2. How would you obtain crystals of a salt from its solution ? 

3. What is meant by the term saturation ? How would you prepare a 
saturated solution of salt ? 

4. What is the difference between a hot saturated solution and a cold 
saturated solution of nitre ? How would you obtain crystals of nitre from 
a solution without resorting to evaporation ? 

5. Explain the terms crystal and crystallisation. How would you 
prepare crystals of alum ? 

6. What is meant by filtration ? Describe a simple form of filter and 
the method of using it. 

7. What do you understand by the terms suspension and solution as 
applied to the impurities in water ? 

8. Chalk and sugar are mixed with water. Describe fiiUy the method 
by which you would separate the chalk and sugar from each other and 
from the water. 

9. How would you make solutions of sulphur, shellac, phosphorus, 
resin, and caoutchouc ? 

10. Name a few substances (solids) which have more than one solvent 

11. Explain the term deliquescent. Give examples of deliquescent 
substances. 

12. Describe experiments illustrating the solubility and the insolubility 
of liquids in each other. 

13. Name some gases which are soluble in water. How would you 
set these gases free from their solutions ? 



LESSON 11. 

NATURAL WATERS. 

24. Natnral waters are never pure. 

Absolutely pure water is never found in nature. The waters 
of springs, rivers, and seas contain various impurities, dissolved 
and suspended, derived from the rocks, and from the growth 
and decay of animal and vegetable substances. The impurities 
obtained from rocks are termed inorganic^ and those produced 
by the growth and decay of animal and vegetable substances, 
organic. Even rain water contains impurities, especially that 
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felling in large towns, and if evaporated to dryness will some- 
^iiiaes leave a residue of solid matter. We may now give a 
little attention to the nature of the impurities to be met with 
in the various natural waters. 

25. Bain water. 

Rain is formed by the condensation of the pure vapour 
produced by the evaporation of the water of the ocean, lakes, 
rivers, &c. Consequently, it will contain no impurities except 
those derived from the atmosphere ; and these are chiefly 
gases held in solution. 

Experiment 16. — Collect some rain water in a clean vessel, 
transfer it to a glass flask, and apply heat. Bubbles of gas will 
soon begin to ascend. This gas consists chiefly of — 

(i) Carbonic acid gas, composed of carbon and oxygen. 



(2) Oxygen 

(3) Nitrogen 



elementary or simple gases. 



26. Spring and river water.s. 

These contain, in addition to gaseous impurities, both dis- 
solved and suspended impurities obtained from the rocks over 
or through which they flow, and varying in nature according to 
the character of these rocks. Thus, rivers flowing over lime- 
stone, or springs fed by water which percolates through lime- 
stone, contain more or less lime in solution. Suspended im- 
purities may also be found, some derived from the wearing 
do^n of insoluble rock substances, and others of organic origin. 
The following is an analysis of Thames water :^- 

Composition of Thames water at London Bridge. 



Water . . . 


6997 1 '95 grains. 


Carbonate of lime 


8-12 


Chloride of calcium 


6-97 


Sulphate of soda . 


311 


Chloride of sodium 


2-38 


Sulphate of potash 


•27 


Silica .... 


•12 


Chloride of magnesium . 


•08 


Organic matter in solution 


2-34 


Organic matter in suspension 


4-66 




70000 -oo grains (one gallon) 
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27. Ponds and lakes. | g 

The water of ponds and lakes contains impurities similar to 
those found in rivers ; but where the pond or lake has no out- 
let, and great loss of water is produced by evaporation, the 
proportion of foreign matter may be continually increasing. 
The following list of natural waters shows how they vary with 
regard to the amount of matter in solution : — 

Grains p:r gallon. 

1. Loch Katrine water contains 4*2 

2. River Jordan „ 7*0 

3. River Seine (at Paris) „ 2i*o 

4. Dead Sea „ 4>ooo to 16,000*0 

Lock Katrine water rests on a bed of granite, one of the 
hardest of rocks, and one not easily decomposed by water or 
atmospheric gases. The Seine and the Thames both flow over 
softer rocks, which are also more readily decomposed by the 
gases dissolved in water. The river Jordan is one of the 
feeders of the Dead Sea. This lake, being much below the level 
of the neighbouring seas, has no outlet, and the amount of eva- 
poration is great ; hence the large proportion of dissolved 

matter. 

28. Sea water. 

The sea is the common reservoir for the impurities of 
numberless rivers. It is continually receiving the water dis- 
charged by these rivers, and is at the same time giving off as 
much in the form of pure water-vapour by evaporation. We 
can thus understand how it is that sea water contains as much 
as 2,400 grains of dissolved matter per gallon, while the rivers 
flowing into it contain only from 4 to 20 or 30 grains per 
gallon. The chief substance found dissolved in sea water is 
common salt (chloride of sodium) ; the others are shown in the 
following analysis : — 

Composition of the water of the English Channel. 

Water 67606 '6 grains. 

Chloride of sodium .... 1964*2 

Chloride of magnesium . . . 256*7 

Sulphate of lime . . . . 98*5 

Chloride of potassium . . . 53*6 

Sulphate of magnesia (Epsom salts) . 16*1 

Carbonate of lime . . . . 2*3 

Bromide of magnesium . . . 2*0 

70000*0 grains (pr« ^llonV 
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29. How to estimate the amonnt of solid matter in 

impnre water. 

If it is required to determine the amount of solid matter 
in any given quantity of spring, river, or other impure water, 
evaporate the liquid to dryness, and weigh the residue. If» 
however, it is required to determine the proportion of suspended 
and dissolved impurities separately, first filter the water to 
remove the suspended matter, and then evaporate the liquid 
which passes through. The suspended and dissolved impurities 
may now be weighed separately. 

30. Hard water. 

When water contains a large quantity of lime in solution, it 
will not form a lather readily with soap, and is then said . to 
be hard. Hardness is generally due to the presence of bicar- 
bonate of lime. Chalk, limestone, and marble are varieties of 
carbonate of lime. These rocks are insoluble in pure water, 
but natural waters always contain carbonic acid gas in solution, 
and water containing this gas will convert the insoluble carbonate 
of lime into the soluble bicarbonate of lime, thus rendering it 
hard. Consequently, we can easily soften hard water by ridding 
it of its carbonic acid gas. This may be done by boiling. Let 
the hard water be boiled in a clean glass vessel, and as the 
carbonic acid gas passes off, a deposition of carbonate of lime 
will take place on the sides and bottom of the vessel. It is the 
repeated removal of lime in this way from drinking water that 
produces the * for * on our tea-kettles and boilers. Hard water 
may also be softened by the addition of lime (quicklime). The 
lime added combines with the carbonic acid gas present, forming 
carbonate of lime ; and this, being insoluble in water, forms a 
white sediment The water, deprived of this gas, can now no 
longer hold in solution the carbonate of lime originally contained 
in it, and this also is precipitated, leaving the water compara^ 
tively soft Water containing sulphate of lime (gypsum) is said 
to be permanently hard, for it cannot be softened conveniently 
without the introduction of still more objectionable substances. 
The waters of both the Thames and the Trent are hard : the 
hardness \n the former is due to carbonate oi Y\me,?)xi^ \\.xwa.>^ 
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therefore be softened ; but in the latter case the hardness is 
permanent, on account of the presence of gypsum. 

31. Mineral waters. 

Some spring waters contain so much dissolved mineral 
matter that they are termed mineral waters. The kind anc^ 
amount of mineral substance present depend, of course, on tl>^ 
nature of the rocks through which the water passes. For \t^ 
stance, the Epsom springs contain large quantities of sulpha*^ 
of magnesia, which has consequently been termed Epsom salC^- 
Some mineral waters have a high temperature, and as hotwat^ 
is a better solvent than cold water, such waters contain xmC^ 
dissolved mineral matter. The boiling springs of Iceland co^ 
tain a great deal of dissolved silica, a substance which is b^ 
sparingly soluble in cold water. When spring water contair' 
very much lime it is said to be calcareous ; when rich in silica 
silicious ; if it contains large quantities of iron it is termer 
chalybeate ox ferruginous, 

32. Summary. 

1. Natural waters always contain impurities, and these imr 
purities may be either organic or inorganic, 

2. Rain water contains gaseous impurities derived from th^ 
atmosphere. 

3. The waters of springs, rivers, and lakes contain, in addi- 
tion to these gaseous impurities, mineral matter, derived fron: 
the rocks over or through which the waters flow, and alsc 
organic impurities. 

4. Sea water contains about 3 J per cent, of salts in solution, 
the chief being common salt (sodium chloride). 

5. Water containing the salts of lime in solution will not 
readily form a lather with soap, and is said to be hard. 

6. Hard water may be softened by boiling, or by the addi- 
tion of lime. 

7. Water is ^permanently hard^ when it contains sulphate of 
lime. 

8. Mineral waters contain very large quantities of mineral 
salts in solution, especially when, as is often the case, they are hot 



Natural Waters 



QUESTIONS ON LESSON II. 

'■ What are the chief impnrilies found in m 



When 






Mnv« ihjsj impurities, and how would you remove them T 
^ How do spring and rivet waters differ from rain waler ? 
3- Name some of the substances often present in spring water. 
, 4- How would you account for the small quantity of dissolved matter 
'"C niter of Loch Katrine, and for the very large proportion in the 
•"itrofthe Dead Seal 

!' What are the substances found dissolved in sea water, and which 
"Mese are mosl abundant T 

°- How can you tell whether waler is ' hard ' or ' soft ' ! ^Vhat is the 
"°*ofhardneslinwaterr 
?' I^escribe two methods by which hard water may be rendered soft. 
*■ When is water said lo be pcnnanentty hard, and why t 
p How is 'fui' formed in kettles and boilers? 
°" What are ■ mineral waters ' ? Give some examples. 



33. What IB the atmoBphere 7 

The atmosphere is an envelope of gas which completely 

^"7'^'»nds the globe. Although in- 

*'^le, we have many proofs of its exist- 

^"*^. For instance, while breathing we 

^ feel its motion through our mouths 

*^Ur nostrils ; and the expansion of 

/*' liings at each inspiration proves 

, ^^ something which cocapiea Bpaoe 

^ entered. If we take a large sheet 

Cardboard and wave it in the air, we 

'^ feel that something offers resist- 

r^"© to its motion. A vessel is said to 

^ empty when it contains nothing but 

") but we may easily prove that the 

^^ssel is quite fuU by the following ^^^^»^:rki^'^Za^>.iK^l'. 
^'mple experiment. 

Ezpeiiment 17. — Invert a glass tumbler, or, better still, a 
Very deep glass jar, and press it under the surface of water con- 




i8 
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substance is said to be dense when its particles are 
packed together. The air on mountains is less dense 1 
air at the sea level This is due to the greater pressure 
on the latter by the overlying atmosphere. The densit 
au: decreases so gradually with the altitude that it is dil 
tell accurately the height of the atmosphere, but. it is g 
given as 40 or 50 miles. 

36. Air is elastic. 

A substance is said to be elastic when it resumes its 
form or volume after compression, stretching, twis 
bending. If we compress air its volume is reduced 
soon as the pressure is removed it at once resumes it: 
volume. 

Experiment 21.— Close the nozzle of an ordinary 
and then press on the air contained in it. If the piston 




_ . Fig. 13.— Apparatus for Provin( 

Fig. 12. —Apparatus for Air has Weight. 

Illustrating the Com- - Glass flask • b cork • c £ria« 

the air is compressed, and on taking off the pressure th 
will fly back again. Now pull out the piston so as to 



to occupy a larger space (for if the capacity of a vessel 
led the air will always diffuse itself equally throughout), 
letting go it will return to its former position. 

37. Air has Weight 
eriment 22. — That air has weight may be proved by 
owing experiment — Procure a glass flask, and fit it up 

m in fig. 13. Weigh this carefully by suspending it 
n of a small pair of scales. Now expel some of the air 
ying heat, close the clip, and weigh again. The loss of 
^illcorrespondwiththe 
it the air driven out. 
ghtof 100 cubic inches 

is about 31 grains; 
ic feet of air weigh 

lb. Air is Soo times 
han its own volume of 
nd 1 1,000 times lighter 
: same volume of mer- 
Vir, having weight, will 
•essure, and therefore 
ibstance at the surface 
arth has to bear atmo- 
pressure. 

eriment 23. — Fill a 
ssel by immersing it 
ater, and invert it, still 

its mouth under the 

Now lift it gradually, 

almost entirely above 
;1 of the water, and it 
lain quite full, for the 
supported by the pres- 
ihe air. The pressure 
atmosphere may thus 
e to support a column 
r about 34 feet high, 
ong, and closed at one 




Take a glass tube, about 33 
end. Fill it with dry mercury, 
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close it with the thumb, and then invert it in a cup of mere 
On removing the thumb, the mercury will fall till it stanc 
about 29 i inches above the level of the liquid in the cup. 
is the pressure of the atmosphere that supports the columi 
mercury remaining in the tube. 

38. Summary. 

In this lesson we learn that air possesses the following j 
l^erties : — 

1. It occupies space. 

2. It offers resistance. 

3. It easily expands when the temperature is increas 
and readily contracts when the temperature is lowered 

4. It is easily compressible. 

5. It is elastic. 

6. It has weight, and therefore exerts pressure. 
-A^/f.— These properties belong not only to the air ; th 

are common to all gases, which may be proved by experimei 
similar to those given in the foregoing lesson. 

QUESTIONS ON LESSON III. 

1. How would you prove the existence of an atmosphere surround 
the globe ? 

2. Describe a simple experiment to prove that air occupies space. 

3. What is wind ? 

4. What is the effect of temperature on the volume of air? II 
trate by an experiment both the expansion and contraction of air. 

5. What is the influence of pressure on the volume of a quantity 
air ? Describe an experiment by which you would reduce its volume o 
half. 

6. How does the air on mountains differ from that on low groun- 
What is the cause of this difference ? What is the supposed height of 
atmosphere ? 

7. What is meant by elasticity ? How would you prove that aii 
elastic ? 

8. How would you prove that air has weight ? What is the weight 
the air contained in a box 3 feet long, 3 feet wide, and 3 feet high ? 

9. Describe a simple experiment which proves that the atmosph 
exerts pressure. 

10. What is the greatest height of a column of water which may 
supported by the atmosphere ; also of a column of mercury ? 

11. What are the properties common to gases? 



LESSON IV. 

COMPOSITION OF THE AIR. 

39. Air ia oompoBed of two gaaea. 
Experiment 24— Take a piece of phosphorus ' about as 
large as a pea, dry it between blotting paper, and place it on a 
large piece of dry cork, or in a small porcelain crucible floating 

in a shallow glass vessel containing a little waler. Cover the 

«>ik and phosphorus with a stoppered, beil-shaped gas jar (an 

ordinary bottle will do if the bottom be cut off, and a tight- 
fitting cork be iixed in the neck). Remove 

the stopper, and ignite the phosphorus 

by toudiing it with a hot wire, Re- 

ptKe the stopper immediately, and watch 

t^fully for any alteration in the level cf 

tfie water. At first the water in the jar 

™l be driven down by the expansion 

"^ the air caused by the heat of the 

"Die, but it will soon begin to rise 

^S^in, and appear above the level of the ij. 

»ater outside.* The jar is now full of ^ 

"lite fumes of a new substance, and '''^oR^'DETEBwrntNo"™! 

■nen the phosphorus has ceased to burn Composition of thb 

^"(1 the jar has become cool, it will be seen 
'oat the water inside the jar fills one-fifth of the space previ- 
""sly occupied by air. From this we learn that a certain gas, 
*nich supports the combustion of phosphorus, has been taken 
"Om the air, and that this gas occupied one-fifth of the volume 
°f the air. 

40. Experiment 25. — Allow the apparatus to stand till all 
*"e white fumes have disappeared, and we shall find that the 

. Phosphorus should aJwaysbe kept under walci, and nevei be touched 
^ fhe hand, as il ignites at a low lemperalure. Il should lie cut while in 
**ler, and Hfted on ihe point of a knife. 

if the water around the jar sinks very low, more should lie added so 
^ 'opwrenf ihc entry of air. 
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jar contains an invisible gas, occupying about four- fifths oft 
volume of the air with which we started our experiment N( 
pour water into the vessel till it reaches the level of that insi< 
the jar, remove the stopper, and introduce a piece of bumii 
phosphorus in a small metal cup. It is immediately exti: 
guished. Thrust a burning match or taper into the jar ; at on< 
it goes out Here is a gas, then, which is very different fro 
air, for it will not support combustion. 

41. Hence we learn that air is composed of two gase 
one will support combustion, and forms about one-fifth of tl 
air ; the other will not support combustion, and forms abc 
four-fifths of the air. The former is called oxygen, and t 
latter nitrogen. The following table may assist in committi 
these facts to memory : — 

i Invisible gas. 
/ Oxygen a Forms one-fifth of air. 
^jy J ( Supports combustion. 



Nitrogen 



' Invisible gas. 
Forms four-fifths of air. 
Does not support combustion. 



42. Use of nitrogen in the atmosphere. 

Nitrogen and oxygen are both elementary substance 
Nitrogen is a very inactive gas : it does not combine direc 
with other elements. Its use in the atmosphere is to mod 
the action of the oxygen, which, if present alone, would 
too powerful for the support of animal life. The particu 
study of oxygen, however, must be left for our next lesson. 

43. An illustration of chemical action. 

Experiment 26. — Burn another piece of phosphorus, b 
this time under a dry gas jar, standing on a dry surface. T' 
white fumes are formed as before, but we notice that th 
gradually collect on the sides of the jar and on the surface 

* An element is a simple substance, containing only one kind 
matter. 
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the bottom of it If after a time we remove the jar, we find 
tkit the white substance is solid. By shaking up a little water 
in the jar we can dissolve this solid, and if we add the solution to 
a blue vegetable colouring matter, such as a solution of litmus, 
we see that the colour is changed to red, proving that the solu- 
tion of the white solid has acid * properties. Here we have an 
example of chemical action. The phosphorus, which is an 
elementary substance, combines during its combustion with 
oxygen of the air, and forms with it a new and entirely 
Merent substance, called oxide of phosphorus. The two ele- 
ments are said to have a chemical lenity for each other. 

4t It is not necessary to ignite the phosphorus in order to 
make it combine with oxygen ; for just as an iron nail will 
slowly combine with oxygen and form rust or oxide of iron, so 
phosphorus, exposed to air at ordinary temperatures, will oxidise 
slowly. Therefore, in analysing ^ the air, it is not necessary to 
burn the phosphorus in it, but the phosphorus may be simply 
suspended in the jar, in which case a very long time must be 
allowed for the complete removal of the oxygen. 

45. The air is a simple mixture. 

When two substances combine chemically, anew substance 
^ produced, having entirely different properties. This was 
seen to be the case when phosphorus combined with oxygen, 
^hey also combine in certain definite proportions. For in- 
stance, a given weight of phosphorus will always combine with 
f^actly the same corresponding weight of oxygen gas. Now, 
Jf we mix nitrogen and oxygen gases in the same proportions 
*^ which they exist in the air, we produce a mixture exactly 
corresponding with air in all its properties— a mixture which 
^D support life and combustion just as it is maintained in the 
^^^osphere. But we do not produce a new compound with 
entirely different properties, for the properties of air are inter- 
Mediate with those of oxygen and nitrogen — the presence of 

See Art. 148 for definition of an acid. 

The splitting of a substance into its elementary constituents is called 
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nitrogen does not destroy the original properties of the oxygei 
but simply modifies its actioa We therefore regard the air s 
a simple mixture of oxygen and nitrogen, and not as a chemica 
combination of these two gases. Again, the compositioiL « 
the atmosphere varies slightly at different times and place 
but the composition of a chemical compound never does so. 

46. Sifiiision of gases. 

Nitrogen gas is a little lighter than oxygen. The densi' 
of a gas is its weight as compared with that of an equal volurr 
of hydrogen — the lightest gas known. Taking this as i, tl 
density of nitrogen is 14, and that of oxygen 16. The densil 
of air (which, as we have already seen, is composed of aboi 
four times as much nitrogen as oxygen) would therefore be — • 

(4^1_i4L±_L6^ about i4i. 

5 

But if the air is a mixture of two gases of different densitie 
we should expect to find the heavier gas near the surface of tt 
earth, and the lighter gas floating over it, just as oil will flo- 
on water. Is this really the case ? In order to answer th 
question we must resort to experiments. Examine a measure 
volume of air at or near the sea level, as described in Exp. 21 
to ascertam the amount of nitrogen it contains, both air an 
nitrogen being carefully measured in a graduated vessel. No 
repeat the experiment with the air on a high mountain, and Yi 
find that, although the air on the mountain is much rarer tha 
that at the sea level, yet the proportion of oxygen to nitroge 
in each case is very nearly, if not exactly, the same. This 
due to a property called diffusihility — a property common t 
all gases. When we mix oxygen and nitrogen, the two gas( 
will at first have a tendency to arrange themselves one abo\ 
the other according to their densities ; but if we set the mi: 
ture aside for some time, we shall find on examination thj 
they have both become completely and evenly diffuse 
throughout the vessel containing them. The winds of cours 
would aid in the admixture of the gases of the atmosphere 
they did not possess this property of diffusion, but then i 
" still *' air there would always be a tendency to separation agaii 
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47. Air is necessary for combustion. 

^ ^5 necessary not only for the combustion of phosphorus, 
but of almost all combustible substances. 

Experiment 27. — Stand a lighted candle in a shallow vessel, 
cover with a stoppered bell-jar, and surround with sufficient 
water to render it air-tight The candle 
will bum at first with the same bril- 
liancy and steadiness with which it burns 
^ unconfined air. But after much of the 
o^gen has been consumed, its flame 
w extinguished. If we now remove the 
stopper of the jar, and pass a bent glass 
twbe under its lower edge so as to allow 
a free passage of air, the candle will bum 
as Well as in the open air. From this 
"^^ leam why a lamp or lantern is always 
provided with openings for the entry of 
fresh air below the flame, and with one 
or more openings at the top to allow the 
heated and spent gas to pass out. A stove, too, must always be 
^ arranged as to allow a free upward passage of air through 
*e fire. 

48. Other gases in the air. 

In addition to oxygen and nitrogen, the air contains other 
Sases, the chief of which are water-vapour and carbonic acid 
Wl. The latter is a heavy gas which will support neither animal 
yfe nor combustion. The quantity of it in the air is small, but 
^t is nevertheless an important gas, and its study will form the 
?^bject of a future lesson. The water-vapour exists as an in- 
visible gas ; its amount is very variable. 

49. — ^The following table gives with more accuracy the 
percentage composition of the air: — 



Fig. x6. — Experiment 

PROVING THAT AlR IS 
NECESSARY FOR COM- 
BUSTION, 
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Composition of the air. 



Nitrogen 

Oxygen 

Water-vapour .... (average) 

Carbonic acid gas 

Ammonia gas 
Carburetted hydrogen 



Sulphuretted hydr(^en 
Sulphurous acid gas 
Nitric acid gas 



Traces only. 



50. Water-vapour in the air. 

When a glass of ice-cold water is brought in 
room, the outer surface of the glass is almost ii 
covered with a deposit of little globules of water ; 
may soon increase in size till they run in large dr 
water has come from the air, where it existed as a 
gas or vapour, but the low temperature of the glas 
verted it into the liquid state. The drops of dew 
tion are formed in exactly the same manner when 
are colder than the surrounding air. 

61. — Chloride of calcium and sulphuric acid — tt 
white solid and the other a liquid— both absorb v 
when exposed to the air. 

Experiment 28.— Place a little of either in a ' 
or other shallow vessel, and balance in a pair of sc 
gradual falling of the pan containing the substance 
a corresponding increase in weight, which is due 
sorption of moisture from the air. 

52. Evaporation of water. 

When an open vessel of water is exposed to t 
liquid gradually disappears. It has passed off in tl 
invisible vapour, which mixes with the air. The wj 
in the atmosphere is derived from the oceans, &c., i 
manner by evaporation. 

53. Summary. 

In the present lesson we have learnt that — 
I. The air is composed of two gases, one of 
support combustion, and the other will not. 



Oxygen and Combustion 

•• These gases are oxygen and nitrogen, the former con* 

iting about one-fifth of the air, and the latter four-fifths. 

3- Nitrogen is an inactive gas, the use of which is to modify 
' extreme activity of oxygea 

4« VVhen a substance burns it combines with oxygen, an4 
^nns a new compound. This combining is termed chemical 
iction. 

5- The two gases of the atmosphere form a mixture, and 
not a chemical combination. 

^' All gases are diffusible. 

7- Air is necessary for combustion. 

^» The air contains water-vapour and small proportions of 
^^us other gases. 

QUESTIONS ON LESSON IV. 

*• Describe fully an experiment which proves that air is composed of 
^^ gases. 

f ^» What are the two gases of the atmosphere ? Describe the properties 
™ each. 

3- What is chemical action ? Illustrate your answer by an experiment. 
_ ,4» For what reasons do we say that air is a simple mixture of oxygen 
^^ iiitrogen? 

nw^.* Explain the term diffusibility as applied to gases ; and do so with 
^^^lal reference to the gases of the air. 

g^ ^ What is the density of the air, and what is the density of each of the 
^^^ composing it ? Explain the term density. 

jv^ 7. Destribe an experiment which proves that air is necessary for 
*^bustion. 
& What are the gases contained in small quantities in the atmosphere ? 
9. How would you prove the presence of water-vapour in air ? 



LESSON V. 

OXYGEN AND COMBUSTION. 



54. What we have already learnt about oxygen. 

We have already ascertained the following facts aboi 
oxygen :— 

1. It is an invisible gas, forming about one- fifth thevolur 
of the atmosphere. 

2. It is a very active gas— a supporter of combustion. 
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3- When a substance is burnt in air, it ojmbines with 
oxygen, and as soon as the oxygen is consumed, all burning 
ceases. 

In the present lesson we shall leam how to prepare oxygen 
and also study the properties of the gas in a pure state. 

55. To prepare oxygen ti(aa. oxide of mercury. 
One of the simplest methods of preparing oxygen in very 
small quantities is by heating in a test-tube the oxide of mer- 
cury (red oxide of mercury or red precipitate). 

Experiment 29. — Put a little of this substance into a test- 
tube of hard glass, and heat it in the flame of a spirit lamp "^ 
Bunsen burner. The re** 
crystalline powder soon tur*'* 
black, and shortly afterwari^' 
a deposit of little globules <^* 
the liquid metal mercury m** 
be seen on the cooler part C 
the tube. If now we thru^ 
into the tube a smouldfrin^^ 
p^ ga| J^ |j-Zcr~— —_ taper, or a chip of wood ffitE"^ 
'-^JSs ^~ilr~- — ~S~~^^ ~~I2 only a feeble spark at the end,^- 
it will immediately burst mV^^ 
a flame, and burn, for a mo-" 
^coLLE *n'*5iiai2ouantit"'''"°o"'' "'^"'i more brightly than it?" 
GEN Gas would in air. This proves 

' 5^"' '"'* """"'"'"E "^ ""^^ of "='- the presence of a gas in the 
tube which is a more powerful 
supporier of combustion than air itself. This gas is oxygen. 
It may be collected over water if the test-tube be fitted with 
an air-tight cork and a suitable delivery tube. 

56. Chemic&l analysis. 

This experiment is a good illustration of what is termed 
chemical analysis. The oxide of mercury is a compound sub- 
stance containing two elements — mercury and oxygen, ^Vhen 
heat is applied, the chemical affinity binding these two 
elementary substances together is neutralised, and both ele- 
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meats are set free. The mercury passes off in the form of 
vapour, which condenses on a cooler part of the tube, and the 
oxygen becomes an invisible gas. The compound has been 
^ysed or decomposed into its component elements. 

57. A more convenient method of preparing oxygen. 

^periment 30. — Oxygen is best prepared for experimental 

purposes by heating in a glass flask or retort a mixture of 

chlorate of potash 

(potassium chlorate) 

^d black oxide of 

manganese (manga- 

^sse dioxide). Both 

these substances con- 
tain oxygen, and the 

gas may be prepared 

"y heating either 

alone ; but if we mix 

^"6 two substances, 

using about equal 

Q^iantities by weight of each, the oxygen comes off at a much 

lower temperature. The flask must be provided with a cork 

"trough which passes a bent glass tube, as shown in fig. i8; or 

J glass retort may be used instead of the flask. Before applying 

^t a large vessel of water must be provided, containing one 

^^ more jars filled with water and inverted. It is more con- 

Jenient to have a large metal trough provided with a per- 

^^ated shelf, on which two or more jars may stand ready 

^^ Use. Such a vessel is called a pneumatic trough. Now 

^^>v the delivery tube to dip into the water and apply heat 

^^ost immediately bubbles of gas will rise through the 

^ater ; but these are air bubbles driven out by expansion. 

^*^^vr this air to escape into the atmosphere ; and even after 

^^gen gas begins to come off, it will be better to wait till all 

tne ^ jg driven out. Now allow the gas to pass into each 

1^ Until all the water is displaced, then close with a cork 

^^ 9. greased glass disc, and remove from the trough. 



Fig. iS. - Apparatus for Preparing and Collect- 
ing Oxygen in Larger Qitantities. 



( 
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58. The combiutioii of carbon in oxygen. 

Experiment 31. -^Remove the cork from one of the jars, 
and allow the gas to remain exposed to the atmosphere ; for 

oxygen, being heavier than air, will not rapidly 
diffuse into it. Fasten a few inches of cop- 
per wire to the cork, and twist the free end of 
the wire round a piece of charcoal. Ignite the 
charcoal and pass it into the oxygen, allowing 
the cork to rest lightly on the mouth of the 
jar, so as to permit of the escape of the 
expanded gas. The charcoal immediately b^ 
gins to glow very brightly, throwmg off brilliaJ^ 
sparks, and this continues till most of the 0x5? 
gen has been consumed. Thus we see th^ 
Fig. 19-CHARcpAi. charcoal, which is a variety of the element ca5 

BURNING m OXY- , , ' , ,..,.,. 

GEN. bon, burns much more bnlhantly m pure oxyg^ 

^**l.5^"?2*fl** than in air. But we must learn the nature C 

supportea in a dena- 

grating spoon. jts combustion by another experiment 

59. Carbonic acid gas is produced when carbon is bnnt 

in oxygen. 

Experiment 32. — Remove the charcoal as soon as the com 
bustion is over, pour in a little clear lime water, cork the bottle 
and shake it The lime water now becomes milky in appear 
ance, and this milkiness proves the presence of carbonic acic 
gas. Carbonic acid gas is a compound gas, composed of th( 
two elements carbon and oxygen, and hence it is sometime 
called oxide of carbon, or, to distinguish it from another oxide 
of carbon, carbon ^/bxide. Thus it appears that, when carbor 
burns in oxygen, it combines chemically with the oxygen 
generating heat and forming an entirely new compound. Am 
further experiments in this direction would show that a certaii 
weight of carbon always unites with the same corresponding 
weight of oxygen, producing an amount of carbonic acid gaj 
equal in weight to the sum of the weights of its two constituents 
and always generating a definite amount of heat, the quantity 
of heat being measured by the amount of water it will rais< 
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through a certain number of degrees of temperature. It may 
also be noticed that the carbon taken out from the bottle after 
combustion (if it has not been entirely consumed) has lost in 
vreight; but that which has disappeared has simply changed 
its form to assume the invisible gaseous state in combination 
^ith oxygen. Thus, 32 grains of oxygen gas are exactly suffi- 
cient for the complete combustion of 1 2 grains of carbon, and 
the burning of this quantity of carbon always produces exactly 
44 grains of carbonic acid gas. Combustion, then, is chemical 
combmation, accompanied by heat and light. The heat is 
produced by the chemical action — the oxidation of the carbon. 
»^e see also that when carbon burns there is no loss of sub- 
stance; and in all cases of combustion, and, indeed, in all 
^es of chemical action, when a substance is apparently de- 
^yed, it may be proved that it has simply changed its form, 
^^ that the change in form is never accompanied by any 
^^truction of matter. Hence we say that matter is inde- 
fectible. 

60. What takes place when a candle bums? 

Experiment 88.— Place a dry bell-jar or an ordinary wide- 
'^^Uthed bottle over a short lighted 
^'^dle, and notice the rapid deposit of 
^^ter on the inner surface of the glass. 
^^tice, too, that after a short time the 
^ndle flickers feebly and finally goes out. 
* Ms we know is due to the consumption 
^^ the oxygen gas originally contained in 
the air under the jar. Now raise the bell- 
j^r slightly, and quickly slide a glass plate 
^tisreen it and the candle so as to shut in 
^he air, which has evidently been changed 
J*^ some way by the burning of the candle. 

^'^rn the bell-jar over, open it just a little, 

Pour in some clear lime water, close again, 

^d shake it The lime water becomes 

^^Iky, showing the presence of carbonic acid gas. This ex 

Penment proves that when a candle bums, water and carbonic 




Fig. ao. — Passing a 
Lighted Candle into 
A Jar of Oxygen. 
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•f* 8" •» boA ITOdaeed. Here, tben, is another example I ft . 
of combasdoD or oxidatioii, and another illustration of tbern- Iv^. 
destnictibaity of matter. The candle contains the two elements l.^^, 
carbon and hydrogen, and when it bums these two elements 1^ • 
combine with the ox\gen in the air, forming water (which is an tjc 
oxide of hydrogen) and carbonic add gas. The candle cer- 
tainly decreases in weight, but its elements are not destioyei 
If the candle be burnt in a jar of oxygen the same chemical 
changes will take place, but the oxidation will be more rapid, 

and therefore more heat and hght will be generated in a ff^^ 

time, 

61. Combustible lubstances contain carbon and hydrogen. 

Most combustible substances contain the same two de- 
ments which were proved to exist in the tallow or wax of the 
candle. We may demonstrate this by repeating the experiments 
just mentioned, but using any other combustible substance, such 
as pa^Hir, wood, oil, gas, or spirit, instead of the candle. lo 
every case we shall produce water and carbonic acid gas as the 
products of combustion, thus proving the presence of hydrogen 
and carbon. 

62. The co:nbustion of sulphur in oxygen. 

Experiment 34.— Ignite a little sulphur (brimstone) in a 
small metal cup attached to a wire, and pass it into a jar oi 
^j^y^en. It is seen to burn much more brightly in this gas than 
in ai'"- ^^ ^^^^ ^^ ^^^ combustion is over, remove the sulphu^» 
pour in a little water, close the jar, and shake it. Now pour in 
a little solution of litmus,^ and notice that it immediately turns 
red. 'I'^^i^ change is explained thus. The sulphur, as it burnedi 
combined with the oxygon, producing a suffocating gas caU^^ 
Bulphuroui acid gas or sulphur dioxide. This gas is solub^^ 
in water, and was therefore dissolved when shaken up wi^ 
water in the jar. The presence of this new substance ^^ 
proved by its action on the litmus solution. The product ^ 
combustion is the same when sulphur is burnt in air. 

I Litmus la a vegetable colouring matter, naturally blue, but chan^^ 
to red by the action of an acid. 



Oxygen and Combustum 



33 



6S. The oombnftioii of phofphonu in oxygen. 

We have already noticed the changes produced by the burn- 
ing of phosphorus in air (See Exp. 24), but it will be interesting 
to notice the increased energy of the combustion when the 
ignited phosphorus is passed into a jar of pure oxygen. The 
same white fumes of the oxide of phosphorus are produced, 
^ving rise to the same acid substance when dissolved in water. 

64. Iron will bnm in oxygen gas. 

Experiment 35. — ^Take a fine iron wire, and dip one end 
into flowers of sulphur. A little of the sulphur will probably 
adhere ; if not, it may be made to do so by first heating the 
end of the wira Now ignite the sul- 
phur, and while it is burning pass it 
pckly into a jar of oxygen. The 
burnmg sulphur heats the iron wire to 
redness, and then the iron itself com- 
mences to bum brilliantly, continuing 
to do so till either the metal or the 
o^gen is consumed. On examining 
the jar we find numerous small par- 
ticles of a black substance This is 
^ oxide of iron, commonly called the 
l^hck oxide of iron. The weight of this 
oxide of iron is, of course, equal to the 
^m of the weights of the iron and 
^gen consumed in its formation. 
Here we have an example of a sub- 

^ce which is combustible in pure oxygen, but not in the 
^nted oxygen of the atmosphere. 

65. When a substance bums it increases in weig^ht. 

In each of the experiments just described it has been noticed 
that bodies gain oxygen during combustion. The following 
Experiment will show that this oxidation causes an increase in 
the weight of the body burnt. 

Experiment 36. — Balance some iron powder (reduced iron) 
^^ a pan of a small pair of scales, and cause it to burn by ap- 
P^ng a hot wire. As the iron burns it combines with oxygen 




Fig. 21.— Iron Wire 
Burning in Oxygen. 

a, Gas-jar, open top and 
bottom ; 3, tray of water 
to catch the falling par> 
tides : f, disc of wood 
or cardboard to hold the 
Mrire. 
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68. How animals breathe. 

Ezperiment 38. — We may now study the manner in whi 
animals breathe, and how they affect the composition of t 
atmosphere. Pour some clear lime-water into a tumbler, a 
blow air into it from the lungs through a glass tube. In a vc 
r-short time the lime-water becomes milky, provihg that carboi 
acid gas has passed into it. But whence this carbonic a< 
gas ? It is formed in the body by the union of carbon w 
the oxygen of the air. The oxygen taken into the lungs pasi 
through the thin walls of the air cells into the blood vess 
surrounding them. By means of the blood system it is t 
tributed to all parts of the body. Some of it, coming in cont 
with particles of carbon and hydrogen, combines with the 
forming carbonic acid gas and water. We have already se 
'that when carbon and hydrogen burn they combine w 
oxygen, and form these same gases as the products of 1 
combustion. We therefore say that carbon and liydrog 
are bnmt up in the body ; that the carbonic acid g^ a 
water formed in the body, and afterwards exhaled, are p 
ducts of the oxidation of carbon and hydrogen; and tl 
the high temperature of the body is the result of this o 
dation. Thus we become acquainted with a permanent a 
abundant source of the carbonic acid gas in the air. 

69. How plants breathe. 

Plants also need air, but they do not require the same ki 
of nutriment as animals. The leaves of plants are sometin 
called the respiratory organs, for it is chiefly by means of th< 
that plants absorb the necessary gaseous food from the atn 
sphere. The following experiment will help us to understa 
how plants breathe, and the effect they produce on the comj 
sition of the air. 

Experiment 39. — Place a growing plant or a freshly < 
twig in a shallow dish of water, and cover it with a stopper 
bell-jar. Now fill the jar with carbonic acid gas (to prep2 
carbonic acid gas see Exp. 62), replace the stopper, a 
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expose to sunlight for several hours. Carbonic acid gas is not 
2 supporter of combustion — a lighted taper is instantly ex- 
tinguished by it Yet, if after the few hours' exposure to sun- 
light a lighted taper be passed into the jar, it will continue to 
burn, thus proving that much of the original gas has disappeared, 
^d that oxygen gas has been exchanged for it The plant 
bas absorbed the carbonic acid gas, which, as we have seen, is 
composed of carbon and oxygen ; it has retained the carbon 
and added it to its own solid structure, and returned the 
oxygea Thus we learn that plants require carbonic acid 
IM and that they give off oxygen. 

70. Plants require both light and air. 

The effect on the atmosphere just described takes place 
^'S under the influence of light Two changes of an 
opposite character are brought about by vegetable life. One 
is continuous throughout both day and night This change 
is connected with the respiration of plants, and consists in 
the absorption of oxygen and the evolution of carbonic acid 
gas. The other change — that illustrated in our last ex- 
periment — is connected with the process of assimilation, and 
takes place in the daytime only. Thus plants inhale oxygen 
^d evolve carbonic acid gas during the night, while through- 
ont the day, though both the changes above mentioned are 
going on at the same time, the balance is greatly in favour 
^ that connected with the assimilation process, viz. the 
absorption of carbonic acid gas and evolution of oxygen. 

71. The balance of life. 

Those who have kept aquaria stocked with fish or other 
^uatic animals know how essential it is to keep up a supply 
^oxygen gas for the respiration of these animals. There are 
^0 methods of maintaining this supply of oxygen. One 
Method consists in forcing a current of air into the water, 
^ttie of this air is dissolved, and the oxygen is afterwards 
^Parated as the water passes through the breathing organs of 
*e animals. But the other method is by far the better. 
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Growing plants are placed in the water. These plants n 
only supply the oxygen necessary for the animals, but they al 
feed on the carbonic acid gas given off by these beings, a 
which, if allowed to accumulate in the water, would rendei 
poisonous to animal life. Where the former method of aerati 
the water is employed, it is necessary to renew the water 
intervals, in order to carry off the constantly increasing sup] 
of carbonic acid gas ; but in the latter method, this very ] 
serves as a plant food, and the oxygen which it contains 
given off by the vegetation and returned again to the animal 
a pure state. It is possible to supply an aquarium with si 
a proportion of animals and plants, that the amount of oxy^ 
gas produced by the latter is just sufficient to maintain a heal 
condition of the former ; and so by keeping up a balance 
animal and vegetable life, to render any renewal of the ^a 
altogether unnecessary. Such a balance of life is maintaii 
on the earth ; and now we are able to explain how it is tl 
although carbonic acid is being continually poured into 
air, yet there is no sensible increase in its amount 

72. Summary. 

1. The atmosphere always contains a small amount 
carbonic acid gas. 

2. Animals cannot live without oxygen. They exl: 
carbonic acid gas. 

3. The carbonic acid gas exhaled by animals is a prod 
of the combustion of carbon in the body, and the high tem 
rature of the blood in some animals is the result of this cc 
bustion. 

4. Plants, under the influence of sunlight, inhale carbc 
acid gas, decompose it, retain the carbon, and exhale the oxyg 

5. The decomposition of carbonic acid gas in the pi 
takes place only under the influence of light. 

r 6. The effect of animal life on the atmosphere is exa( 
^ the opposite of that of plants, and the combined action 
I plants and animals maintains a practically unvarying amoi 
■vQf carbonic acid gas. 
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QUESTIONS ON LESSON VI, 

1. How would you prove the presence of carbonic acid gas in the air ? 

2. Describe fully how animals breathe, and how their respiration affects 
the composition of the air. 

3* What is the cause of the high temperature of the blood in the higher 
animak? 

4* Describe fully the manner in which plants breathe, and the effect 
they produce on the composition of the atmosphere. 

5* What is the amount of carbonic acid gas in the atmosphere ? Does 
this amount vary ? Give reasons. 



LESSON VII. 

THE THREE STATES OF WATER. 

73. Water may exist as a solid, liquid, or gas. 

We are most familiar with the liquid form of water. But 
^e know that when water is cooled down to a certain tempera- 
ture, called its freezing point, it is converted into a crystalline 
solid which we call ice. Snow, hoar-frost, and hail are varieties 
of ice, the variation in structure being due to the varying cir- 
cumstances under which the freezing takes place. We know 
^ko that when water is heated to a certain temperature, called 
^ts boiling point, it is converted into steam — the gaseous form 
of water. Although water is capable of existing in such a 
yariety of forms, yet it never varies in chemical composition — 
^% water, and steam are all composed of the same gases in 
exactly the same proportions. 

74. Water expands when heated. 

Experiment 40. — Procure a large glass flask with a narrow 
P^ck. Make a mark on the neck, and then pour in water till 
»t stands exactly at this mark. Now heat it over a spirit lamp 
^^ gas burner, and notice that as long as the temperature of 
^he water is rising, its volume continues to increase. Since 
tne same weight of water now occupies a larger space, it follows 
that the heated water is lighter, volume for volume, than cold 
^^ter. This may be proved also by carefully measuring out 
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equal volumes of hot and cold water in separate ves 
weighing them on an ordinary pair of scales. 

75. Water does not expai 
contract regnlarly. 

Experiment 41. — ^As a 

stances expand while their ter 
is rising, and continue to c< 
long as they are cooling ; bu 
we have an exception to 
For, if we fill a large flask 
very narrow neck with w; 
then surround the flask with 
mixture of ice and salt, we 
that the water continues tc 
as it cools, only till it n 
temperature of /^C, (shown b 
a thermometer in the flas 
water at this temperature oc( 
smallest volume, and is there 
mATininTwi density. If cooled still further it expands 
the freezing temperature is reached ; and, at this temp 
expands considerably as it passes into the solid form ( 

76. Water expands while in the act of freez: 
therefore ice is lighter than water. 

Experiment 42. — Take a piece Df glass tubir 
4 inches long, and ^-inch bore. Close one end in the 1 
flame, and dra"W out the other so as to leave only a \ 
opening. Now fill the tube with water as follows. — I 
tube in an inclined position with its open end in wate: 
the air inside by means of a spirit-lamp. The air 
and some bubbles pass out through the water. 1 
tube to cool ; the air contracts and water is forced in 
spheric pressure, thus filling the space previously occ 
the expelled air. Remove the tube firom the vessel 
and boil the water in it till the steam has had tim< 



Fig aa.-— Illustrating the 
Expansion of Water. 
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M[ all the enclosed air. Now invert die tube rapidly, and, 
*liile the mtter is still boiling, immerse the open end in cold 
"Mer, The steam now condenses, and water is forced in till 
llKtube is quite faHL Seal the open end of the tube in the 
^ov-pipe flame, and then place the tube in a mixture of ice 
^ salt After a few minutes the water freezes and the tube 
!>ursis, thus proving that expansion has taken place. One 
foluffle of water will produce about i-^ volume of ice, both 
aaving exactly the same weight ; therefore ice floats on water 
"ith about ^tb of its volume above the surface. The specific 
Paviiyoficeis -916. 

77. How water b«MaiiM heated. 

Experiment 43. — 1111 a large flask with water nearly up to 
'^ neck, drop into the water a small piece of some soluble 
ctdouring matter, such as aniline, and 
^y heat The water at the bottom 
(if ihe 8ask becomes heated first; and 
being lighter than the surrounding 
wter, on account of its expansion, 
■t rises. As fast as it ascends, other 
Otter water flows in to take its place, 
this keeping up a constant circula- 
'ow\, and brit^ng every part of the \ 
■^ near the source of heat. This 
<^]ation of water is termed con- 
THtion, and continues as long as the 
"Uteris being raised in temperature. 
Similar movements are produced in 
the ocean by the heat of the sun, 
snd in this manner ocean oorrenta _ 

are formed. '"tbatiko Co»i"^ioN"'"' 

78. The foiling point of water. 
Experiment 44.— We have already seen that water is con- 

™ted mto ft gas called steam when heated to a certain tem- 
Pttatute. In order to study this change more carefully, heat 
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f find that the steam occupies about 1700 times the volume of 
the water from wMch it is formed, i.e. about 1700 pints. 
From this we may readily calculate that a quarter of a pint of , ■ 
water is sufficient to fill a hogshead with steam ; and that a 
cubic inch of water will produce about a cubic foot of steam. |. 




Conversely, one hogshead of steam, when condensed by 
cooling, will produce only a quarter of a pint of water ; and 
a cubic foot of steam will produce only one cubic inch of 
water. 
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81. Simimarj. 

1. Water ma^ exist as a solid, a liquid, or a gas ; the dif- 
ference in form being due to a diflerence m temperature. 

2. Water expands when heated and contracts when cooled, 
although irregularly ; and has its maximum density at 4° C 

3. Water expands when in the act of freezing, and ice is 
therefore lighterlhan the water from which it is produced. The 
specific gravity of ice is '916. 




Fig. a6.— Thk ' 

•I, bcdler ; i, t^aa lube : c, the 
tube >ar¥Dund«d by cold wat4r ; d. 



r^Tfj' 






4. Water is heated h'j convection — a circulation of its particles 
liy which the heat absorbed at one point is distributed through- 
out its mass. 

5- Water boils at 100° C, at which temperature it is con- 
'Wed into about 1700 times its volume of invisible steam. 

6. When water boils, the steam is almost entirely free from 
^^ impurities that may be present By condensing the steam 
^"^ Produce distilled water. 
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QUESTIONS ON LESSON VIL 

1. Under what conditions is water changed into ice and steam? 

2. Describe an experiment illustrating the expansion of water by heat 

3. What is meant by maximum density ?& applied to water ? Illustrate 
your answer by an experiment. 

4. Explain fully the meaning of the term convection, 

5. What is the cause of the * singing ' of the kettle ? 

6. What is the boiling point of water, and how is it determined ? Does 
water always boil at the same temperature ? 

7. What is meant by distillation ? Describe some form of apparatus 
that may be used for the distillation of water. 

8. Give a sketch of Liebig's condenser, and explain its use. 

9. What volume of water is produced by the condensation of lOO 
gallons of steam ? 

10. How would you prove that water expands while freezing ? 

11. I have a solution of copper sulphate in water. How can I obtain 
the water in ^ pure state ? 

12. Describe an experiment by which you would ascertain the boiling 
point of alcohol. 

13. I boil pure water, and then a solution of alum in water. Would 
there be any difference observable in the boiling points ? If so, what ? 
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HYDROGEN. 



82. The preparation of hydrogen gas. 

Experiinent46.— Procurea wide-mouthedflask orbottle, and 
provide it with a sound and tight-fitting cork. Bore two holes 
in the cork j through one pass a thistle-head funnel, and through 
the other a straight glass tube. The tube of the funnel must 
pass to the bottom of the vessel when the cork is firmly set, 
but the other tube (the delivery tube) must simply pass through 
the cork. Now see that the apparatus is perfectly airtight as 
follows : — Close the top of the funnel by pressing the palm of 
the hand or a disc of india-rubber on it, and then suck out 
some of the air from the flask by means of the delivery tube. 
If now the tip of the tongue adheres firmly to the tube all is 
right If not, the cork must be examined for the leakage, 
' which may be stopped with paraffin wax ; it is generally a good 
plan to soak the cork in melted paraffin before use. When 
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the apparatus Is ready, remove the cork and put into the vessel 

about an ounce of zinc cuttings or zinc nails ; replace the cork, 

Juid pour through the funnel about two or three ounces of 

dilute sulphuric acid (one part of acid to about eight parts of 

water). Hydrogen gas begins to come off almost immediately, 

and this can escape only through 

the delivery tube, since the funnel 

dips into the liquid. Be careful 

that the apparatus is kept at a con- 

> siderable^distance from any flame 

Instead of a wide-mouthed bottle 

for this experiment, a Woulffe's 

bottle may be used. More acid 

maybe added occasionally as the 

fonnation of gas slackens. 

83. The extreme lightness of 
hydrogen gas. 

Hydrogen is the lightest 
gas known : the following experi- 
Daents will illustrate its extreme fig. 27.— apparatus for preparing 

Ij 1 AND Collecting Hydrogen. 

'^ a, Woulffe's bottle, containing acid and 

Experiment 47. Place a dry »«« ; *,thistle funnel ; c, delivery tube ; 

• , , , . \ \ <iy collecting jar. 

wverted bottle (or gas tube) 

over the delivery tube, and, after it has remained there for 
about a minute, transfer it to a flame, still keeping it in an 
inverted position. The gas will take fire with a sudden flash 
and a slight report ; and, if pure, will afterwards burn quietly 
for a few seconds with a pale blue flame (Notice that the 
bottle is no longer dry, but is covered internally with a deposit 
of moisture.) 

Experiment 48. — Fill tlie bottle again with gas in the same 
banner, but before transferring it to the flame, allow it to 
remain for a minute or two in the inverted position with its 
^outh open to the air. We again obtain the same result, viz. 
,^be combustion of the gas. These two experiments prove 
' ^t the gas has risen into the bottle and displaced the air, and 
^t it will remain in an open inverted vessel for some time, 
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and that it must, therefore, be lighter than air. This mode.of 
collecting gas may also be used with all gases which are lighter 
than air, and is termed collection by the upward displacement of dr. 
Hydrogen cannot be collected by downward displacement 

Experiment 49.— Fill the bottle again with hydrogen, an( 
pass it into a second inverted bottle as shown in the figuK 

By applying the same test as before we ca 
prove that the gas has passed from or 
bottle into the other. This also illustrat( 
the natural tendency of hydrogen to rise : 
air from its lightness. 

Experiment 50.— Suspend an inverts 
beaker or other thin glass vessel under oi 
pan of a pair of scales, and balance cai 
fully with weights in the other pan. N( 
allow hydrogen gas to pass into the beak 
and displace the air, and the rising of t 
beaker will show that the hydrogen 
lighter than the air displaced. 

Experiment 61.— Connect an ordina 
tobacco-pipe with the delivery tube of t 
hydrogen apparatus by means of about a foot of india-rubt 
tubing, and dip the bowl of the pipe for a moment into a sol 
tion of soap, so that a bubble may be blown by the gas. Tl 
bubble, when detached, will rise rapidly through the air. 
small balloon of goldbeater's skin may ^so be made to ascei 
by filling it with hydrogen. 

84. Water is formed when hydrogen is bnmed. 

We have already seen that hydrogen is combustible, a 
that when it bums in a dry bottle a deposit of water globules 
formed on the inner surface of the glass. We have also lea 
(Lesson 5) that when a substance burns it combines with o 
gen. This is the case with hydrogen ; and water is a combi 
tion of this gas with oxygen. The hydrogen burns only wb 
it is in contact with oxygen, and when mixed with this gai 
bums so suddenly as to cause an explosion. Thus we notic 
on applying a light to an inverted bottle of hydrogen, that 



Fig. 28.— Illustrating 
THE Manner of Pass- 
ING Hydrogen prom 
ONE Vessel into An« 

OTHL <. 
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gas at the mouth of the jar, which was mixed with air, burnt sud- 
denly with a slight report, while the purer gas burnt quietly. It 
is on account of this explosive property of hydrogen when mixed 
vrith air that we must never apply a light to a stream of hydrogen 
issuing from the delivery tube until we are certain that all the air 
originally contained in the apparatus has been driven off. First 
collect some of the gas in a tube and test it ; if it burns quietly 
and gradually, then it is safe to burn a jet at the delivery tube. 
Hold a dry glass vessel over a jet of burning hydrogen, and 
notice the deposit of water formed on the 
glass by the union of the gas with the oxy- 
gen of the air. Of course the weight of 
the water produced will be equal to the 
sum of the weights of hydrogen and oxygen 
entering into combination. 

85. Hydrogen does not support combns- 

tion. 

Experiment 62. — Fill a jar with hydro- 
gen, and thrust into it a lighted taper. 
The gas burns at the mouth of the jar, but 
the flame of the taper is extinguished as 
soon as it passes from the aiirHnto the hy- 
^ogen. Hydrogen, then, although itself combustible, will not 
Support the combustion of some other substances ; it will, 
however support the combustion of oxygen and chlorine. 

86. Summary. 

1. Hydrogen may be prepared by the action of sulphuric 
^id on zinc. (Hydrochloric acid may be substituted for the 
sulphuric, or iron for the zinc.) 

2. Hydrogen is the lightest gas known (about 14^ times 
%hter than air). 

3. When hydrogen burns it combines with oxygen of the 
^r and forms water ; the weight of the water produced being 
^^^al to the sum of the weights of the hydrogen and oxygen 
that have combined. 

4. Hydrogen gas does not support combustion. 




Fig. 29.— Sh©wing tub 
Effects of Passing 
A Lighted Taper 
INTO A Jar of Hy- 
drogen. 
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QUESTIONS ON LESSON VI IL 

1. How would you prepare hydrogen ? Sketch the apparatus yoi 
would use. 

2. Describe various experiments illustrating the extreme lightness (A. 
hydrogen gas. 

3. How would you fill a bottle with hydrogen, and how may you know 
when the bottle is quite full ? 

4. What chemical change takes place when hydrogen bums? 

5. What do you know of the chemical composition of water ? 

6. What occurs when a lighted taper is thrust into a jar of hydrogen 
gas? 



LESSON IX. 

THE CHEMICAL COMPOSITION OF PURE WATER. 



87. How to determine the exact compositioiL of water. 

Experiment 63. — Procure a strong glass tube, about 18 ins 
long, closed at one end, and graduated accurately for th( 

measurement of the volume of it 
contents. This tube must also l> 
provided with two platinum wire 
fused through the glass near th 
closed end and nearly touching eac 
other inside. Such a tube is calb 
a eudiometer, or water-measure. Fi 
this tube with mercury, close wit 
the thumb, invert, and place it up 
right in a vessel of mercury. Th 
thumb may now be removed, and th 
pressure of the atmosphere will suj 
port the column of mercury in th 
tube. Pass into the tube equal vo 
umes of hydrogen and oxygen, eac 
gas being carefully measured, t 
means of the graduated scale, as it displaces the mercur 
Now cause an electric spark to pass between the ends of tl 
platinum wires by connecting the wires with a suitable galvati 
apparatus. This ignites the mixture, part of which is suddef 
burntf forming sl deposit of water inside the tube. The nci< 




Fig. 30. — Illustrating the 
Manner op tJsiNG the Eu- 
diometer. 

i. The eudiometer tube ; /, a ves- 
sel containing mercury. 
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^ now rises in die tube till only one fouitb the volume of 
gas remains. The lemaimng thieefounhs of Ibe gas has been 
ronsumed, giving rise to the deposit of water which was seen 
oa the tube. Now remove the tube and its contents from the 
vessel of motnuy, and turn it over so as (o bring the gas to 
tHe open end. Put a lighted taper in — it bums brilliantly. 
The gas, therefore, is oxygen. Hence we team that the whole 
of Ehe hydrogen and half of the oxygen have entered into com- 
bination to form water, and that the other half of the ox}'gen 
lemains unchanged. If we try this experiment over and 
orer again, varying the proportion of _ 

gases in the mixture, we always ob- 
tain the same result — viz. a given 
volume of hydrogen combines with 
txaOly half its volume of ox]^n, 
fonnlDg water. If we mix the gases 
in these proportions exactly, nothing 
mil remain after combustion but the 
sfflall drop of water formed ; and, if 
fHher gas be in excess, the excess will 
Kmain unchanged. Thus we learn 
flat water is composed of two vol- 
tnnes of hydrogen and one volume of 
oxygen, 

E^perimeat 54. — Thb may be fur- 
&et demonstrated by passing a cur- ' 
•ent of electricity through water slightly 
scidulated. The electricity will de- 
Wmpose the water into its two gases ; 
tod If the two gases be collected in 
Separate tubes, the hydrogen will 
always be found to have double the volume of the oxygen. 

Experiment 55. — If we mix hydrogen and oxygen in a soda- 
*ater bottle (this kind of bottle being selected on account of Its 
strength) and apply heat to the mixture, the two gases combine 
*ith a loud explosion, forming water. We may observe that the 
foice of the explosion is greatest when we mix the gases in the 
Proportions in which they combine to form water. 
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86. The oompoiition of water by weight. 
Experiment 6B — The exact composition of water by weigW 
may be determined by passing steam through an iron tube con- 
taining red-hot iron borings. Before doing this, however, the 
exact weight of the iron tube and its contents must be noted. 
As the steam passes over the red-hot iron it is decomposed, its 
oxygen combining with the iron and forming an oxide of ironi 
while the hydrogen thus set free passes over, and may be col- 
lected in a vessel standing over water (thus proving it is not 
steam, which would mingle with the water). After this chemical 
change has been going on for a short time, allow the appantos 




hydtDgen : 

to cool, and again weigh the iron tube. It will be noticed tlv3-* 
there is an increase in weight, this increase showing the weig^* 
of oxygen which has combined with the iron. This, together 
with the hydrogen collected, will of course weigh the same ^ 
the steam decomposed. Let us suppose, for instance, that "^^ 
tube contains 42 grains of iron borings. This will be found *■' 
be exactly sufficient for the decomposition of 18 grains of w3.t^ 
in the form of steam. Exactly 16 grains of this are ox^^" 
and combine with the iron, and 2 grains of hydrogen pass o*^ 
into the collecting vessel. Such an experiment as this pro'*'^ 
to us that water contains one-ninth its own weight of hydro0^ 
12 parts in 18) and eight-ninths its weight of oxygen. "V^ 
have already seen that the composition of water by volume \& 
|)3its of hydrogen to one of oxygen, and the difference betw^^ 
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this and the composition by weight will be readily explained 
when we remember that oxygen is i6 times heavier than 

hydrogen. 

89. Snmmary. 

1. Water contains two volumes of hydrogen to one of 
oxygen. 

2. When a mixture of hydrogen and oxygen is exploded, 
the gases always combine in the above proportion, any excess 
of either gas remaining unchanged. 

3. When water is decomposed by means of the electric 
cun:ent, it always yields these gases in this same proportion. 

4. Steam may be decomposed by passing it over red-hot iron, 
the oxygen combining with the iron and the hydrogen being 
set free. 

5. The increase in the weight of the iron by this combina- 
^on is equal to eight-ninths of the weight of the steam decom- 
posed. The remaining one-ninth of the steam is hydrogen. 

QUESTIONS ON LESSON IX. 

1. Describe the eudiometer and its use. 

2. What is the result of firing a mixture of four volumes of hydrogen 
^^ six volumes of oxygen in the eudiometer ? 

3. Ten volumes of hydrogen are mixed with four volumes of oxygen, 
*^^ the mixture exploded. What volume of gas remains, and how will 
yo\| prove which gas it is ? 

4. How would you prove the composition of water by means of the 
^*^tric current ? Make a sketch of the apparatus you wouW use. 

5^ 5. How would you prepare hydrogen by means of water and iron ? 
^*^ctch the apparatus necessary for this experiment. 

6. Describe fully an experiment by which the composition of water by 
^^ight may be determined. 

--^ 7. How much hydrogen may be obtained by the decomposition of 
^^ grains of steam ? 

8. What is the percentage composition of water by .weight ? 
• ■ 9. If 20 grains of steam be passed over red-hot iron, what will be the 
'^crease in the weight of the iron ? 

10. What .weight of oxygen is necessary for the complete combustion 
^* 9 grains of hydrogen ? 

11. Six pints oT oxygen are to be converted into water by means of a 
rv5 °^ l^^™i^ hydro|;en. What volume of hydrogen will be necessary for 
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LESSON X. 

CARBON. 

80. The Taxieties of carboiL 
Carbon is an elementary substance. There are sevi 
varieties of carbon, diSering so much Jrom each other in t! 
properties, that we could not regard them as being chemit 
the same substance without a clear proof that such is the c 
These varieties are : — 

(i) Charcoal, prepared from animal and vegetable 
stances by heating them while excluded from the air. 

(2) Blacklead (also called graphite and plnmbagt 
mineral substance, obt^ned largely in Cumberland and c 
parts, 

(3) Lampblack, a variety of soot ; a deposit of f 
divided carbon formed by the incomplete combustion of 
stances containing that element 

(4) Diamond, a crystalline variety of carbon, particularly 1 

91. The prepantioii of chareoaL 
All animal and vegetable substances contain carbon: 
when they are heated while in any way excluded from tl^ 




(as in closed vessels, for instance), black masses of in 
carbon are formed, called vegetable charooal when pre; 
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from wood or other parts of plants, and animal charcoal when 
obtained from animal substances. Vegetable charcoal is pre- 
pared in large quantities by causing a pile of blocks of wood to 
smoulder while covered over with a layer of turf. During this 
slow and imperfect combustion of the wood, various gases and 
vapours are given off, and these are allowed to escape through 
an opening at the top of the pile. 

Experiment 67. — ^This process may be imitated, on a 
smaller scale, by heating sawdust in a test-tube over a spirit- 
lamp flame. Various inflammable gases and vapours which 
are driven off may be ignited at the top of the tube, and as all 
these proceed from the sawdust, it will be found that the char- 
coal formed weighs much less than the wood from which it is 
prepared Similar results may be obtained by heating dried 
Daeat, bread, starch, &c. We may prove that sugar contains 
carbon by heating it strongly on a metal plate, for when so 
treated a mass of charcoal is formed. 

92. The combustion of carbon. 

In Lesson V. we learnt that when charcoal is made to burn 
^ oxygen it combines with the oxygen, forming a gas called 
carbonic acid gas, which turns lime-water milky. The same 
result is obtained when any form of carbon, or any organic 
substance, is burnt in oxygen or air. 

Experiment 68, — Place a bell-jar over a lighted candle till 
^ the oxygen is consumed, and the flame is extinguished. 
Then quickly raise the jar and coyer its mouth with a glass 
^isc, so as to retain as much as possible of the gas produced by 
Ae combustion. Pour in a little clear lime-water, and shake it 
The lime-water immediately becomes milky, thus proving the 
presence of carbonic add gas, and also the existence of carbon 
^ the candle. This experiment may be repeated with various 
combustible substances, such as paper, wood, oils, spirit, &c. 

93. Carbon does not combine with oxygen at ordinary 

temperatures. 

Experiment 69. — Pass a current of pure air (not air from 
^^ lungs), or oxygen, through a hard glass tube containing 



58 Inorganic Chemistry 

7. How would yon prove that carbon will not combine with oxygen 
unless heated ? 

8. Does charcoal contain anything beside carbon ? If so, what ? and 
how would you obtain it ? 

9. A piece of wood is completely burnt What has passed off, and 
what remains ? 

10. How would you prove that the diamond is carbon ? 



LESSON XL 

CHALK, LIME, AND CARBONIC ACID GAS. 
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97. Struotnre and composition of chalk. 

Chalk is a rock composed of marine shells, most of them so 
small that we can discern them only with the help of a micro- 
scope. It is a compound substance containing three elements. 
These are calcium, carbon, and oxygen. The properties of 
the last two of these elements have already been described. 
Calcium is a yellow metal which readily combines with oxyg^]^ 
when exposed to the air. In fact, its affinity for oxygen gas ^ 
so powerful that it is very difficult to obtain the metal in a p^^^ 
state. Chalk is a variety of carbonate of lime. * A carbon^^ 
is a substance formed by the union of carbonic acid gas ^^ -k 
the oxide of a metal. Chalk, then, is a compound compo^^. 
of two simpler compounds, viz. calcium oxtde and carboJ^^ 
acid gas. Lime is the common name for the oxide of t^^ 
metal calcium. The following table will show clearly the ex^^ 
composition of chalk by weight ; and the object of the pres^^ 
lesson is to show how this may be determined, as well as 
demonstrate the properties of the two binary compounds whi^^^ 
enter into the composition of chalk. 

100 parts, by weight, of chalk contain 

44 parts of carbonic acid gas, consisting of | ^^ ^'^ * '12 
and 56 parts of lime, containing . . . { ^"^^^ \ \ f^ 

100 
* Sometimes termed calcium carboncUe, 
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Chalk, Lime, and Carbonic Acid Gas % 

Hence the percentage composition of chalk is 

Calcium 4° -^| 

Carbon 12 ^H 

Oxygen 48 ^H 

98. The preparation of lime from clialk. 

When chalk is strongly heated it gives off its carbonic acic 
gis and only the lime remains. If a piece of chalk be heatet 
to redness in an open crucible, it is reduced to lime with a Ids 
of weight. Lime is sometimes prepared in large quantities b; 
heating chalk in kilns, coal being mixed with the chalk am 
burnt with it. In this way 100 tons of chalk may be made ti 
yield about fifty-six tons of lime. Theoretically It should yjeli 
worf/V fifty-six tons ; but we must allow in practice for the im 
purities present in both chalk and lime, and for the unavoid 
able waste through crumbling, etc. There are other varietie 
»f carbonate of lime which may be used for the preparatioi 
of lime. These are marblBB, limestones, and various shelli 
Although these differ so much in general appearance, they hav 
sU the same composition, and produce exactly the same result 
'fben heated. 

99. The properties of lime. Lime-water, 

Pure lime is a white infusible solid. When intensely heatei 
't glows very brilliantly, producing the light known as the lime 
''ght, but does not suffer any decrease in weight, for it doe 
"01 burn. Unlike limestone, lime combines very readily witi 
*3ter, generating great heat, and forming a white powder callei 
■laJted lime. Fifty-six parts, by weight, of lime are just sufB 
^'ent to combine with eighteen parts of water. If we add th 
^atertothe lime in ihis proportion, the water forms with i 
* perfectly dry powder. When lime is mixed with exces 
**^ water, it forms a paste which will gradually set On thi 
?5*^ount it is i]sed for making mortar, which is a mixture c 
^^ric and sand with water, together with some binding materia 
^*ich as hair. Slaked lime {sometimes called ealdum hydralt 
^ slightly soluble in water, and its solution is called lime-watei 

Experiment 60. — Lime-water may be conveniently pre 
P^red by adding a small quantity of lime or slaked lime (abou 
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scales ; fill it with carbonic add gas, and notice how 
increases as the air is being displaced by this gas. 

Experiment 66. — Fill a wide vessel with carboni 
Now blow soap bubbles with air, let them fall into 
and they will float on the gas. 

Eqeriment 67. — Allow some carbonic acid gas 
through water ; some of it will remain dissolved in 
and the presence of ti 
be proved as follows . 
(a) Add a littie . 
water to a portion oftl 
and a milky appearan 
mediately be produce 
caused by the convers 
into chaUc. 

{b) Add a blue 

litmus to another p( 

■BKiBK^i » « ^^ litmus will slowl; 

t^mil^H*" -i-Ji*^ ._ .^ thus proving that tl 
_^ ; ^^2^ n*- of- carbonic acid gas 

acid properties. 

(c) Apply heat to. 
tion of the solution c 
acid gas. The gas will soon be driven off, and may b 
and again tested with lime-water. 

103. The formatiOB of oalciina carbonate by s; 
The lime-water test for carbonic acid gas hat 
quently mentioned, but has not as yet been fully 
When carbonic acid gas is passed into lime-water, tl 
bines with the lime in the water, forming calcium 
and it is the formation of this insoluble carbonate 
ders the water milky. The two binary compounds 
carbonic acid gas — combine to form a more con 
pound — calcium carbonate. This is an illustration ( 
STnthfliii, or building up. By the action of acid on 
of pure chalk or marble we can produce 44 grains < 
odd gas ; and if the whole of this gas be passed inl 
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lime-water, it may be made to combine with 56 grains of lime, 
thus producing again 100 grains of carbonate of lime. 

101 Caldum carbonate is soluble in water containing 

carbonic acid gas. 

Experiment 68. — Pass carbonic acid gas into lime- water for 
some considerable time. At first the gas combines with the 
lime as above stated, forming the insoluble carbonate of lime. 
But after the whole of the lime present has thus been converted 
into the carbonate, the excess of the gas dissolved in the water 
begins to convert the insoluble carbonate into a soluble ^/car- 
bonate, and after a short time all the solid matter is dissolved, 
the liquid becoming quite clear. By boiling this clear liquid 
in a test tube or flask, the excess of carbonic acid gas may be 
Aiven off; and the bicarbonate being again converted into the 
insoluble carbonate, the liquid again becomes milky, and some 
of the solid matter is deposited on the sides of the vessel. The 
^ater of rivers and springs always contains carbonic acid gas, 
^d is therefore capable of holding carbonate of lime in solu- 
^^on. Such water, when boiled, parts with its carbonic acid 
8^) at the same time depositing its lime. In this way our 
kettles and boilers become covered with an incrustation called 
'ftr.' This fur, being a carbonate, will yield carbonic acid 
S^ when treated with an acid. Many limestone rocks have 
^^en formed fi'om other limestones by solution and subsequent 
deposition brought about in a similar manner. 

106. Summary. 

1. Chalk is a variety of carbonate of lime, containing the 
efements calcium, carbon, and oxygen. Its percentage com- 
position being calcium, 40 ; carbon, 12 ; oxygen, 48. 

2. All limestones and marbles have the same chemical 
composition as chalk. 

3. When any form of calcium carbonate is strongly heated, 
carbonic acid gas is given off and lime remains. 

4. One hundred parts, by weight, of the carbonate will 
yield 56 parts of lime, and give off 44 parts of carbonic acid 
ga& ' 
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5. Lime is the oxide of the metal calcium, 

6. Lime combines energetically with water, forming s 
lime or calcium hydrate. 

7. Lime-water is a solution of slaked lime in water. 

8. Gypsum and alabaster are forms of the sulphate of 
and consist of lime, sulphur, and oxygen ; they also cont 
certain amount of water. 

9. When gypsum is heated to drive off this water, 
afterwards powdered, plaster of Paris is produced. 

10. The bones of animals contain large quantities of j 
phate of lime. This may be dissolved out by an acid. 

11. Carbonic acid gas maybe prepared by the actic 
any acid on any carbonate. 

12. Washing soda is carbonate of soda. 

13. Carbonic acid gas : — 

(a) Is invisible. 

ip) Is heavier than air (22 : 14 J). 

(c) Is not combustible. 

(d) Does not support combustion or animal life. 

is the great supporter of vegetable life.) 
(tf) Is soluble in water. 

(/) In solution possesses weak acid properties. 
(^) Forms calcium carbonate with lime-water. 

14. Water containing carbonic acid gas has the pow( 
dissolving small quantities of calcium carbonate. The 
may be driven off by heat, and then the carbonate again ret 
to its insoluble form. 

15. The ^fur^ deposited on kettles and boilers is a ca 
nate of lime, formed by the expulsion of the dissolved carb 
acid gas which enabled the water to dissolve the carbonate 

QUESTIONS ON LESSON XL 

- I. What are the chemical elements entering into the compositic 
chalk ? In what proportions are these elements present ? 

2. Describe each of the elementary substances present in a pie< 
chalk. 

3. What is a carbonate ? Give a few examples of carbonates. 

4. Give the exact compositions of lime tind carbonic acid gas. 
5* How is lime prepared 7 
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^* Name some varieties of carbonate of lime. 

7* How much Ume may be obtained from 50 lbs. of carbonate of lime ? 
How much carbonic acid gas would be liberated during the process of 
preparation? 

^ "Wiat do you know of the properties of lime ? 

9* "Wiat is lime water ? How would you prepare it ? 

10. What is slaked lime ? By what other name is it known ? 

"• How much water is needed for the * slaking * of one hundredweight 

of lime ? 

12. What do you know of gjrpsum, alabaster, and plaster of Paris ? 

13* How would you separate the animal from the mineral matter in a 

bone ? Of what does this mineral matter chiefly consist ? 

14- \iYaX do you know of the chemical composition of common washing 

SuQSl • 

^5* Describe a convenient method of preparing carbonic acid gas. 
Sketch the apparatus you would use. 

16. Enumerate the properties of carbonic acid gas, and describe the 
expenments by which you would illustrate these properties. 

*7» How would you prepare calcium carbonate ? What would be the 
exact quantities of matenals necessary for the formation of 500 grains of 
^e carbonate ? 

1^> Explain what is meant by chemical synthesis. Give an illustration. 

'9' What result is produced when carbonic acid gas is passed through 
"me water for a considerable time ? 

20. Describe fully the formation of the * fur * in a boiler. 
„ 21. What are the binary compounds present in a piece of limestone ? 
°* Would you separate these binary compounds, and how would you 
^wsethemtorecombine? 



LESSON XII. 

COAL— COAL-GAS — FLAME. 

106. ManiiEEUStnre of coal-gas. 

Coal-gas consists chiefly of a compound gas containing the 
^ements carbon and hydrogen. It is obtained by the distilla- 
te of coal ; but as a large number of vapours distil over, many 
of which interfere with the lighting properties of the coal gas, 
Jt has to be purified in various ways before it is supplied to us 
for illuminating purposes. The process of manufacture may 
DC illustrated in a simple manner as follows : — 

Experiment 69. — Heat some coal-dust in a small flask made 
of hard glass and provided with a cork and delivery tube. In a 
short time a mixture of various vapours will begin to pass ofl", 
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Fig. 38.— Illustrating a Simple Method op Pre- 
paring AND Collecting Coal-gas 
FROM Coal-dust. 



together with a certain amount of smoke. Some of these 
vapours will condense on the upper part of the flask and in tne 
delivery tube. The presence of these vapours will interfere 

with the combustion 
of the coal-gas to 
such an extent that 
it will be difficult to 
obtain a steady flame, 
but if collected over 
water, many of the 
impurities will be sc- 
parated, and the clear 

gas thus obtained "^ 
burn almost as we» 
as that supplied *° 
our towns. Let the application of heat be continued till the 
gas ceases to be evolved, and then, on breaking the flask, ^^ 
obtain a porous mass of coke, which necessarily weighs 1^^ 
than the coal used. In gas-works the coal is heated in la^^S^ 
iron retorts ; and the coke, which is removed from these ret^^^ 
while still red hot, is immediately swamped with water, ^^^ 
afterwards broken and sold for fuel. 

107. Properties of coal-gas. 

Coal-gas contains much hydrogen, and is very similar ^^ 
hydrogen in its properties ; so much so that it is oflen useci ^ 
a substitute for that gas, especially as it is generally convenier*^^ 
at hand, and is much less expensive. Coal-gas, like hydro^^^ 

is — 

1. Combustible. 

2. Lighter than air. 

3. Explosive when mixed with air or oxygen. 

4. Not a supporter of combustion. 

It is this gas that is generally used for filling balloons, i<^' 
although it is not so light as hydrogen, and consequently -^^ 
larger volume would be required to lift the same weight, yet ^ 
is the less expensive of the two. Unlike hydrogen, coal-g3 
burns with a bright flame, the hydrogen, as will be remembered 
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burning with a pale blue flame. The above-mentioned pro- 
perties of coal-gas may be illustrated by a few simple experi- 
ments, such as those described in the lesson on hydrogen. 

108. Combustion and composition of coal-gas. 

Experiment 70. — Hold a dry glass vessel over the flame of 
burning coal-gas, and observe the deposit of water formed on 
the surface of the glass. The formation of this water is a proof 
that coal-gas contains hydrogen. Collect some of the gases 
produced by the combustion of coal-gas in an inverted gas-jar, 
^nd shake it up with a little lime-water. Chalk will be formed, 
thus proving the presence of carbonic acid gas, which must 
have been produced by the combustion of carbon, since unburnt 
^al-gas will not form chalk with lime-water. Thus we learn 
that coal-gas contains both carbon and hydrogen. Coal-gas 
insists chiefly of two distinct compound gases, both containing 
^^bon and hydrogen. They are — 

1. Heavy oarburetted hydrogen, or defiant gas, and 

2. Light oarbnretted hydrogen, or marsh gas. 

The former is the principal illuminating constituent. The 
*^tter is called marsh gas because it is produced by vegetable 
^^cay, especially in marshy districts ; it is also called fire-damp 
^y the miner, because, when mixed with air and coming in 
p^ntact with a light, it is the cause of disastrous explosions 
^'^ mines. 

109. Varions other substances obtained from coal. 

\ 

\ 

It has aheady been stated that a variety of subtances are \ 
PJ^oduced by the distillation of coal. Many of these products 1 
^^ of great commercial value, as they are useful in various 
^^s. The chief of these (excluding the coal-gas and coke 
^^eady mentioned) are tar^ pitchy ammonia, benzine, naphtha, 
^^rholic acid, and aniline. The coal-tar is deposited, with 
^^her substances, in a condenser which is kept cool by currents 
^f air. When this tar is distilled, a large number of sub- 
stances come off", and pitch is left behind. A subtance called 
^^moniacal liquor is deposited with the tar in the condenser, 
and from this, by the aid of sulphuric acid, large supplies of 
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but as the combustion is complete, the heat of 1 
more intense. All our gas heating and cooking sto 
structed on the principle of the Bunsen burner. 

Experiment 74. — The Bunsen flame may be p 
hollow by lowering a piece of wire gauze or a pi« 
white blotting-paper into the broadest portion of tl 
blotting-paper be used it should be kept steady i 
for only a moment, and, on removing it, a black 
seen, as in Experiment 72. The wire 
gauze may be kept in the flame for a 
longer time, when a white-hot ring will 
be produced, surrounding a dark centre. 
It will also be noticed that the gas 
bums below the gauze, but not above 
it ; yet, if a light be applied above, the 
gas which passes through from the 
hollow part of the flame underneath 
will be ignited. The gas did not burn 
above the gauze in the first instance 




Fig. 42. -Illustrating the hoi low- 

NESS OF THE BUNSEN FlaME. 



Fig. 43.— The Sa 



because the metal conducted away so much heat tl 
perature did not rise high enough to ignite it. 
safety lamp is constructed on this principle. 1 
completely surrounded by a close mesh of wire ga 
any explosive gases which may exist in the mine, al 
may burn inside the lamp after penetrating the gai 
are not ignited outside. 
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112. Tbe Uovpipe flame, 
t 7S. — Pass a current of ait into a candle flame 
''y means of a blowpipe. The luminosity of the flame will be 




P'eatly weakened, as in the Bunsen burner, owing to the com 
>lete combustion of the carbon of the tallow or wax The 
pale blue flame thus "produced is hotter than the ordinary 




candle flame, and is commonly known as the blowpipe flame. 
The blowpipe may be used in this manner with the gas flame, 
or with the flame of any kind of lamp. 
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113. Snminary. 

1. When coal is distilled, coal-gas and various other sub- 
stances are given off, and coke remains. 

2. Coal-gas is similar to hydrogen in many of its properties, 
and is often used as a substitute for that gas. 

3. Coal-gas contains hydrogen and carbon. When it burns 
these elements combine with the oxygen of the atmosphere, 
forming respectively water and carbonic acid gas. 

4. The chief constituents of coal-gas are heavy carburetted 
hydrogen (olefiant gas) and light carburetted hydrogen (marsh 
gas or fire-damp). 

5. Tar, pitch, naphtha, benzine, and carbolic acid are soii*^ 
of the products of the distillation of coaL 

6. Our chief supplies of the ammonia salts are also derived 
from the ammoniacal liquor of the gas-works. 

7. A flame consists of a hollow core of unbumt gas, sur- 
rounded by a more or less luminous portion. 

8. The light of a bright flame is emitted from particles ^* 
white-hot, unbumt carbon. 

9. The pale blue portion of a flame is produced by tt*^ 
combustion of hydrogen. 

10. The flame of the Bunsen burner and the blowpipe 
flame are almost non-luminous because the combustion of xX^ ^ 
carbon is complete, all of it being converted into carbonic aci ^ 
gas by combination with the abundant supply of oxygen. 

QUESTIONS ON LESSON XII, 

1. Describe an experiment which illustrates the manufacture of co/il^ 
gas. 

2. What is £okg f How is it obtained ? 

3. What are the chief properties of coal-gas ? In what respects does it 
resemble hydrogen ? 

4. Describe a few experiments by which you would illustrate the 
properties of coal-gas. 

5. What do you know of the chemical composition of coal-gas ? How 
would you prove that it contains hydrogen and carbon ? 

6. Name some of the chief products of the distillation of coal. 

7. Describe the structure of a candle flame. 

8. How would you prove that the candle flame contains a core of 
tinbumt gas ? 

9. Wiat is the cause of the light emitted from a candle flame ? 
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'0* Describe the construction and principle of the Bunsen burner. 
'I- In what respects does the combustion of an ordinary gas flame differ 
"001 that of the Bunsen flame ? 
12. AVhat is the blowpipe flame ? What are its special advantages ? 
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^14. Occurrence in nature. 

Sulphur or Brimstone is an elementary substance found largely 
'^ the earth's crust In volcanic regions it occurs in a free 
^^te, that is, not in combination with other elements. This 
Native sulphur consists of masses of yellow, transparent crystals. 
Sulphur is also found largely in combination with various metals 
^s sulphides, and in combination with metals and oxygen as 
•^phates. The following are a few of these native sulphur 
^^ompounds : — 



I'on pyrites 
Copper pyrites . 
blende . 
Galena . 
Cinnabar . 

Gypsum . 
Heavy spar 
^psom salts 



Iron sulphide 

Iron and copper sulphide 

Zinc sulphide 

Lead sulphide 

Mercury sulphide . 

Calcium sulphate . 
Barium sulphate 
Magnesium sulphate 



Each containing 
the metal or 
metals with 
sulphur. 



IEach containing 
the metal with 
sulphur and 
oxygen. 



Sulphur also exists in smaller quantities in parts of animals 
^*^d plants. 

lis. Pure sulphur may exist in several different forms. 

In addition to the native crystals above mentioned, the fol- 
lowing varieties are interesting and important : — 

(i) EoU sulphur, prepared by melting sulphur and casting 
'^ in moulds. 

(2) Plowers of sulphur, consisting of a very fine crystalline 
powder. 

(3) Prismatic, needle-like crystals. 
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(4) Plastic sulphur. 

We shall presently learn how the last three varieties maybe 
prepared. 

116. The effects of heat on sulphur. 

■ 

Experiment 76. — Place a little sulphur on a piece of tv 
plate, and then apply heat by supporting it over the flame of 
spirit lamp or gas burner. The sulphur soon melts, become 
darker in colour, and finally catches fire, burning with a pa 
blue flame, and giving off a gas with a suflfocating odour. Nc 
heat a little sulphur in a test-tube, and note more particulai 
the changes which take place. First the sulphur melts < 
115° C), producing an amber-coloured liquid. After a sh( 
time it thickens (at about 230'' C.) and becomes darker 
colour. It continues in this state until the temperature rii 
to about 250®, when it becomes thin again, and remains a 
reddish-black liquid till (at 440°) it boils, giving off a dark 1 
vapour. It will now be noticed that, when this red vap( 
comes in contact with the cool air, it is converted back i; 
the solid state in the form of a fine powder, some of it settl 
on the sides of the glass. This deposit consists of flowers 
sulphur. Flowers of sulphur are prepared, on a large scale, 
boiling crude sulphur in large retorts, and condensing the vap 
quickly by passing it into cold chambers. 

117. To prepare needle-like crystals of sulphur. 

Experiment 77- — Melt about half a pound of sulphur ( 
sulphur is the best) slowly in a clay crucible or earthenv 
pot, being careful not to let it boil. When all is melted, S( 
aside to cool. A5 soon as a firm crust has formed on the 
make a hole in it with a penknife, and pour out the lie 
interior. Now cut out the top crust, and a mass of beaut 
transparent needles will be seen. These crystals soon bec< 
yellow and opaque. 

118. To prepare plastic sulphur. 

Experiment 78. — Heat about an ounce of sulphur i 
clay crucible till it has all melted and been converted in 
thick syrupy liquid. Now pour it into a vessel of cold wj 
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without heat. As tfic Bioii cszccears. x ieccsas x initjs :c 
crystals of solphnr. It is ina e cnrrrg :a c«:ce rrar tuiscc sclrczr 
IS insoluble in carbon drgiTpi 



E xp er im ent W. — Mix 7 drsbchms ot fce ircr. nlings with 
4 drachms of flowers of solpkcr, and throw the mixnire, jl liule 
^t a time, into a red-hot crucible, 
^nder the influence of the heat, the 
^o elementary substances combine. 
^*^ni[iing a black compound, called inm 
'Uphide. This sulphide is similar in 
^^itiposition to the native iron pyrites, 
°^t does not contain the elements in 
f^^ same proportion. If we mix the 
^^oti and sulphur in any other propor- 
tions, they still combine in the propor- 
tions 7:4, leaving the excess of one 
^t the other in a free state between the 
particles of the sulphide, or giving it 
^p to the oxygen of the air. 

Experiment 81. — Crush some iron 
pyrites and heat strongly in a test- 
tube, holding the tube in a horizontal position. After a MhofI 
time sulphur will be driven off in the form of vapour, a\u\ Ihh 
condenses, forming a yellowish deposit on the cool part of th« 
tube: 
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121 Snlphnr dioxido diaaolTes in wmtn. 
Experiment M. — Invert one of the jars of the gas in i 
vessel of water. The water rapidly dissolves the gas, and then 
rises in the jai to take its place. If the gas is pute and ftce 
from air, ihc water will rise till it quite fills the jar. Now add 
a little solution of litmus to the water in which the sulphui 
dioxide is dissolved ; it immediately turns red, proving the 
l^resence of an acid. This acid is called snlphnroiu aeid, and 
is composed of sulphur dioxide and water. A stronger add 
may be produced by shaking up a smaller quantity of watir 
with the gas in a jar. Water will dissolve about 50 times ib 
own volume of sulphur dioxide when cold, but the gas is agaia 
liberated when heat is applied to the solution. 





125. Bleachinj; power of aulphur dioxide. 
Experiment 85.— Suspend a bunch of violets or a red fs* 
in a jar of the gas. The colour will soon be destroyed, Wb^" 
a red rose is bleached in this manner its colour may be restot**^ 
by dipping it into dilute sulphurtc acid. This experiment H*^' 
be varied by burning a little sulphur in a small saucer or crudt>^^ 
underneath a bell-jar in which the flowers are suspended, taki'^S 
care that the flame is not so near to the flowers as to scof'^'' 



Svlpkur DiagUt mmd Sm^Jkmnmg Aai 
Many T^etable caoloois mxr be hyfarhrd bf 



gas. 

126. Solj^ar dioxide is not a sopportcr of coobcsioa. A 
ted taper placed in the gas is insnefiiae^ 
» not combustible. 



1S7. 

1. Sulphur dioxide is a compound gas. composed of sclph:? 
oxygen. 

2. It may be prepared by bnining sdphcr in air or oxi^en. 
»y heating sulphuric add with cc^per. 

3. It is soluble in water, and forms with the water sulphur- 
acid. 

4. Sulphur dioxide has the power of bleaching vegetable 
curing substances. 

5. It is not a suf^rter of combustion, nor is it com- 
tible. 

QUESTIONS ON LESSON XIV. 

1. What chemical change takes place when sulphnr is bnint ? 

2. Describe a method of preparing and collecting sulphnr dioxide. 
tch the apparatus yon would use. 

3. How would you prove that this gas is soluble in water ? 

4. . Describe the properties of the substance formed when sulphur dioxide 
issolved in water. 

>. How would you illustrate the bleaching power of sulphur dioxide ? 
>. Enumerate the chief properties of sulphur dioxide. 



LESSON XV. 

S0LPHUR TRIOXIDE AND SULPHURIC ACID. 

128. Sulphur trioxide. 

Experiment 86.— If sulphur dioxide be mixed with oxygen, 
two gases will not combine ; but if the mixture be passed 
r heated platinised asbestos, they will, forming white solid 
ies of sulphur trioxide. This substance contains 40 parts 
weight of sulphur to 60 of oxygen. Sulphur trioxide has a 
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great aflSnity for water, with which it combines with a hiss 
noise, forming sulphuric add. 



189. Sn^nrie 

Pure sulphuric acid is a colourless, thick, oily liquid, har 
a specific gravity of i'8. Under the name of oil (tf vitriol 
is largely used in various manufactures and industries. C 
pint of water weighs \\ lb., therefore a corresponding volu 
of sulphuric acid weighs i^ lb. x i '8 = 2^ lbs. It hasapow 
ful acid taste, and readily turns blue litmus red, even wh 
diluted with 20 or 30 times its volume of water. 

130. Action of sulphuric add cm carbonates. 

Like all other acids, this one decomposes carbonates, setti 
free carbonic acid gas, and forming new compounds call 
sulphates. The following experiment is an illustration of this: 

Experiment 87. — Put a little sodium carbonate (carbon; 
of soda) into a glass vessel, and add some diluted sulphu 
acid, a little at a time, till all the carbonate has disappear* 
and no further effervescence takes place. The gas whi 
passes off will not support the combustion of a taper, and ii 
be passed into lime-water, produces a precipitate of calcii 
carbonate (see Art. 103), thus proving it to be carbonic a 
gas. Now allow the liquid to evaporate slowly in a shall 
vessel, and when all has disappeared a crystalline substai 
remains, which is sodium sulphate or sulphate of soda, co 
posed of the metal sodium in combination with sulphur a 
oxygen : — 

I Sodium X Carbonic acid crac -f Carbon 

Sodium carbonate Carbon 1 ^^aroonic acid gas \ q^^^^ 

\ Oxygen I Sodium 

and V Produce \ Sodium sulphate . -j Sulphur 

Sulphur I and ^ Oxygen 

Hydrt>gen| I Water . . . {gydrogc 



Sulphuric rtcid 



Oxygen / ... (Qxygen. 

ISli lulphurio ncid hti great affinity for water. 

SxpeHment II.— Pour four ounces of sulphuric acid ii 
a glftSB vessel and atltl gwduttlly one ounce of water, stirring 
the time with 1* glAftS nnl* (treat heat is evolved, thus illi 



Sulphur Trioxidt 




%\ 

^i^lring the powerful chemical affinity existing between the two 
substances. Now stand in the mixture a teat-tube containing 
I'cohol or methylated spirit, and after a 
few minutes the spirit will boil vigor- 
ously. 

132. Snlphnrio acid destroyB 
organic matter. 
Experiment 89. — The following ex- 
periment also illustrates the affinity of 
sulphuric acid for the elements of 
Water :— Moisten about an ounce of loaf 
sugar with boiling water, and then add 
<}U!ckIy about an ounce or more of 
strong sulphuric acid. A black mass of '^'^iliE^FriKiTv^p^si^^ 
*^bonisalmost immediately set free from phubicAcidfoiiWateb. 
lie sugar. Sugar contains the three elements rarbon, hydrogen, 
wd oxygen ; the acid combines with the elements of water 
(fiydrogen and oxygen), and sets the carbon free. A similar 
^tion takes place when wood or cork comes in contact with 
this acid, or when oil and sulphuric acid are shaken together. 

133. Summary. 
I. Sulphur trioxide is prepared by strongly heating a 
"fixture of sulphur dioxide and oxygen. 

z It combines with water, forming sulphuric acid. 

3. Sulphuric acid has a sharp sour taste, and reddens blue 
'"uius. Its specific gravity is i'8. 

4. Sulphuric add decomposes carbonates, liberating car- 
bonic acid gas and forming sulphates. 

5. It has a powerful affinity for the elements of water, and 
"cstroys organic matter by depriving it of these elements and 
^tting free its carbon, 

QUESTIONS ON LESSON XV. 
I- How Aors sulphur dioxide differ in composition and properlies from 
"nlphui trionide J 

i- Describe a method of preparing the latter, 

3. How may sulphur trioxide be converted into sulphuric add T 

1 Whatiithe weightof(i)agallOTof water, and (a) a gallon of sul- 
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grating spoon, and introduce it into one of the jars of chlorine- 
The phosphorus ignites, and burns with a feeble, greenish flame 
combining with the chlorine, and forming a yellow compoun' 
called chloride of phosphorus. As soon as the combustion J 
over, remove the jar into the open air, and leave it open t 
allow of the escape of the unused gas. This remark appUe 
also to all the other experiments with chlorine, 

138. SpontaneooB combustioii of copper in cMorine. 

Experiment 93. — Four into another bottle of chlorine ju: 
sufficient water to cover the bottom. Drop into the jar son 
very fine brass ' or copper filings. As the particles pass throu| 
the gas they bum brilliantly, the copper combining with tl 
chlorine and forming green copper chloride. Instead of tl 
filings copper leaf or dutch-metal leaf (which contains mu( 
copper) may be used. The water is placed in the jar to pr 
vent fracture, which might be caused by the particles of bun 
ing metal coming in contact with the glass. 

139. Antimony burns spontaneoosly in 
chlorine, 
Experiment 94. — Antimony is a crysts 
line, brittle metal which may be powdered 
a mortar. Keduce a little of this metal to 
fine powder, and let it fall into a jar of chl 
rine, in which has been placed previously 
little water as in the last experiment. Tl 
particles of antimony bum brilliantly, pr 
ducing the chloride of the metal. 

140. Combustion of ft candle in chlorin 

Experiment 95.— Place a lighted cand 

OT^i^uM* J" or taper in a jar of chlorine. The flame 

not extinguished, but the candle or tap 

burns with a very feeble flame, giving off much carbon in tl 

form of smoke. The 'wax' or tallow of the candle cental 

the elements carbon and hydrogen. Chlorine supports tl 

' Brass U a mUture of copper vsA linc. 




Common Salt and Chlorine 



ss 



combustion of hydrogen, but not of carbon. As the candle 
bums, its hydrogen combines with the chlorine, forming hydro- 
chloric acid ; but the carbon, having little chemical affinity for 
chlorine, is set free. As this experiment proceeds, it will be 
seen tliat the yellowish -green gas (chlorine) gradually disap- 
pears, giving place to a colourless gas (hydrochloric acid) which 
fonns white fumes on exposure to the air. 

141. Comboation of torpeutiiie in dilorine. 
Esperiment 96. — Warm a little oil of turpentine in a test- 
*ube, being careful not to allow the flame of the spirit lamp or 
gas burner to get near the mouth of the tube. Saturate a strip 
of blotting-paper with this warm turpentine and drop it into a 
jw of chlorine. The turpentine immediately bursts into a flame 
^fid gives oflF dense volumes of smoke. Oil of turpentine con- 
tains carbon and hydrogen. The hydrogen and chlorine com- 
"'He, forming hydrochloric acid, and the carbon is set free. 
Thus the chemical action is exactly the same as that exhibited 
'l the last experiment. 

^42. ComboBtioii of hy- 
drogr^n ill chlorine. 
Experiment 97.— Pass 
* jet of burning hydrogen 
iitQ a jar of chlorine. The 
two gases combine, form- 
'ng hydrochloric acid ; 
"Id as soon as the chlo- 
"ne has been converted 
into hydrochloric acid, the 

lame is extinguished, for 

'hydrochloric acid will not ' 

support the combustion of 




143. Foimation of oommon salt 
Ezperimtnt 98. — The metal sodium bums in chlorine when 
strongly heated, and the formation of common salt is the result 
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8. Describe the action of chlorine on oil of turpentine. 

9. How would you form hydrochloric acid by the direct union of 5-*^ 
two elements ? ^ 

10. How would you prepare common salt by the direct union of ^"^ 
elements ? 

11. How would you prove that chlorine is soluble in water? 

12. In what respects do chlorine and sulphur dioxide resemble ea,^^" 
other ? In what respects do they differ ? 

13. Describe an experiment which proves that chlorine has but lit^^^^ 
affinity for carbon. . 

14. How would you bleach a bunch of violets by means of a jar ° 
chlorine gas ? 

15. Name several substances which may be bleached by chlorine. 

16. What is bleaching powder? 

17. Describe the method of bleaching with chloride of lime on a lais 
scale. 

18. You are provided with four jars of chlorine. Say what you wou 
do with them in order to illustrate the characteristic properties of the 



LESSON XVIL 

ACIDS, BASES, SALTS, AND ALKALIES. 

148. Oeneral properties of acids. 

Some of the characteristics of acids have already bee^^ 
noticed. These will be repeated here, together with others, ir ^ 
order to provide the student with a complete definition of th^^ 
tern> acid : — 
V(^) Most acids possess a sharp sour taste. 

\b) They have the power of turning blue litmus red.. 
Other vegetable blues are also turned red by acids. Thus, 
vinegar turns purple cabbage to a bright red ; and blue flowers 
may be similarly changed in colour by immersion in an acid. 

(f) Acids have the power of decomposing carbonates, 
and setting free the carbonic acid gas they contain. (See 
Art. 1 01.) 

(d) Acids contain hydrogen, which is readily displaced 
by metals. An example of this property has already been 
noticed in Art. 82. In this case, sulphuric acid is added to 
the metal zinc ; the hydrogen of the acid is liberated ; and 
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the 2ixi(^ taking the place of this hydrogen, forms zinc sulphate 
^^"^ the sulphur and oxygen : — 



I Hydrogen — hydrogen (free), 
id -J Sulphur \ 
and ^Oxygen [ Zinc sulphate (a salt). 



Sulphuric add -. Sulphur \ 

and ^Oxygen [ '^* 

Zinc -^ 



"^^i\ an acid gives up its hydrogen for a metal, a substance 
^Hed a salt is fonned. Further information concerning salts 
^^U be given below (Art 150). 

{e) All acids have the power of nentralising alkalies. 
(See Art. 152.) 

149. Bases. 

A base is a compoimd which, when acted on by an acid, 

*OrnM a salt. Among the most important bases are the oxides 

^^d hydrates of many metals. The oxide of a metal is the 

^^mpound produced by the chemical union of the metal with 

Oxygen gas. The hydrate of a metal is produced by its com- 

*^ination with the elements of water. A hydrate of a metal 

consists, therefore, of three elements, viz. the metal, hydrogen, 

^'^d oxygen. Examples : — 

Sodium oxide contains | ^""* 



Sodium hydrate 



Oxygen. 

Sodium 

Hydrogen 

Oxygen. 



Experiment 102. — The following experiment illustrates the 
^^ilnation of a salt by the action of an acid on a base : — 

Make a solution of sodium hydrate (caustic soda) in water 
*^y dissolving about one drachm of the hydrate in \ oz. of water. 
^ Hen add sulphuric acid, a little at a time, till the liquid ceases 
^^ turn red litmus blue. Now evaporate slowly in a shallow 
^^ssel till crystals are deposited. These are crystals of sodium 
^^Iphate :— 

/ Hydrogen ( Sodium 

Sulphuric acid Sulphur Sodium sulphate ■ Sulphur 

^Oxygen (a salt) ^ Oxygen 

and Produce and 

.Sodium ^ (Hydrogen 

Caustic soda Hydrogen ^^^^' * ) Oxygen 

^ Oxygen 
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a gas which may be prepared by heating a mixture of common 
salt and sulphuric acid. The hydrochloric acid of the shops is 
a strong solution of this gas in water, having a specific gravity 
of about I '2. The solution possesses all the properties oi 
the gas, which may be driven oflf from the liquid by the appl^' 
cation of heat Tliis acid also fiimes when exposed to air, ao^ 
when pure is colourless ; but, unlike nitric acid, it has veiH 
little action on copper. It dissolves many of the other metaJVs, 
forming salts called chlorides. 



.<.*- 



/ 



/. ^' 
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154. Summary. 

1. Acids : — 
^t^ Have a sharp taste, y^ tOf^'^' 

(b) Turn vog s table bluca t ed. 

(c) Decompose carbonates, setting free carbonic acid ga^ - 
{d) Contain hydrogen. 

(e) Form salts with bases. 
(/) Neutralise alkalies. 

2. A base is a compound (generally an oxide or a hydrate" >? 
which forms a salt with an acid. 

3. A salt is the product of an acid and a base. 

4. When an acid gives up its hydrogen for a metal, a sal ^ 
is formed. 

5. Alkalies have contrary properties to acids; and they^ 
neutralise acids, forming salts. 

6. The following table gives a summary of the distin-^ 
g^hing properties of the three chief acids :— 



Sulphuric acid 
(Oil of vitriol) 


Nitric acid 
(Aquafortis) 


Hydrochloric acid 
(Muriatic add) 


Colouriess liquid. 
SG. = 1-8 
Does not fume in air. 
No action on indigo. 

Dissolves copper when 
heated, giving off sul- 
phur dioxide, and 
fonning copper sul- 
phate. Chars organic 
matter. 


Colourless liquid. 
S-G. = 1-5 

Fumes in air. Bleaches 
indigo. 

Dissolves copper with- 
out heat, giving off 
reddish-brown fumes, 
and forming copper 
nitrate. Stains or- 
ganic matter yellow. 


Colourless gas, soluble in 
water. Fumes in air. 
No action on indigo. 

No action on copper. 
Gives off chlorine when 
heated with manganese 
oxide. 




Ci;;:^ 
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QUESTIONS ON LESSON XVJI. 

1. What are the properties commoD to aH adds? 

2. What changes take place vhen (i) mtiic add and ^2) faTdrocUcr 
acid are added to sodiam carbooate? 

J. What is a base? Give nrampW of bases. 

4. Describe fellj the action of snlpfanric add on caustic sodiu girii 
the names of the dements contained in the nev compounds fonoed. 

5. Wliat is a sah ? Name some examples of salts. 

6. How would yoo prepare potassinm sulphate, sodiam nitiate, ai 
sodium chloride? 

7. Wliat is an alkali ? Gire examples of alkalies. 

8. Describe foDy what is meant bj the teims acid^ alkalimt^ az 
neutral. 

9. How would yoa prepare a neutral solntion bj means of an add ai 
an alkali? 

la Two bottles of add are giren yoa ; one bottle contains sulphm^ 
acid, and the other nitric How will joa. distinguish between them ? 

11. How would yoa distinguish between hydrochloric and nitric addi 

12. What are the distingnishing characteristics of sulphuric, nitric, ai 
hydrochloric adds ? Write your answer in the form of a table. 



LESSON XVIII. 

AMMONIA. 

155. Preparation of ammoma. 



fizperiment 105. — Mix well together about one ounce 

^^dered and dried sal-ammoniac (ammonium chloride) ar 

f^ Ounce of powdered quicklime. Transfer the mixture quick 

^ ^n 8-ounce flask, and cover it with a layer of powden 

^^icklime only, to a depth of one inch or more. Fit tl 

^^k with a cork and delivery tube (fig. 55), and apply a ve 

^^*>tle heat The ammonia which passes off is a gas with 

^^ly powerful pungent odour. It is lighter than air, and m; 

"^refore be collected in inverted jars by the upward di 

P*^cement of the air. In order to ascertain^ when each j 

\^ ^uU, place a strip of yellow turmeric paper outside the ja 

3^st above its mouth. If it is full, the gas escaping will ri: 

^^ound the mouth of the jar and quickly turn the test-papi 

^i^own. Fill about three jars with the gas, close them, and si 

^side for the following experiments. The chemical action whic 
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4. It is very solobk in ipxtei. Its soknkm is caUedliq^d 
ammfmia, and ammfMniiiTn hjdixtie. 

5. Sulphuiic, nitxic, and hydrodsloric adds all neutralise 
amTnonia, fonning respectively ammommn solphate, mvai^ 
and chlodde. 

6. The salts c^ ammonia are readily decomposed. 

7. Ammonium chloride volatilises when heated, without 
melting and without midergoing chemical change. 

S. Ammonia may be prodnoed by the decompositioD of 
animal substances containing nitrogen, such as homSi hideSi 
boofs^ glne, isinglafs, cheese, dried flesh, ^c 

QCES770NS ON LESSON XVIIL 

1. How m'oold yoQ prepire ind ooQect ammonui gas ? Describe aod 
skeldi the apparatus yoo would use. 

2. YoQ are provided with four bottles of immnnia. Describe the ex- 
periments jTOQ wofold peribmi with them in oider to iDnstrate the diaiac- 
teristic pcopeities of the gas. 

3. How would yoD prepare a sohitioii of ammonia, and how would f^ 
obtain ammonia from it ? . nf 

4. Describe experiments whidi iDnstrate the alkaline properties ^ 
ammonia. , 

5. What is the result of mixing soljAuric acid with a solution ^ 
ammonia? 

6. How would you prepare ammonium nitrate ? 

7. How would you prepare sal-amnK>niac ? . 

8. Describe the chsinges which take place when the following ^^ 
stances are heated separately : — 

(i) AmuKXiium nitrate. 

(2) Sal-anmioniac 

(3) Ammonium hydrate. 

9. \\liat are ' smelli^ salts ' ? 

10. Explain the origin Si the terms : — 

(1) Ammonia. 

(2) Spirits of hartshorn. 

1 1. From what source do we obtain our chief sup{^es of ammonia ^^ 

12. Describe an experiment by which anmionia may be obtained fe*^ 
an animal substance. 
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I rock substance composed of Terj fine poitides^ 
the action of water and the atxno^>heie oo ceitain 
s. These poitides, after hariz^ been worn down, 
I by rirers or floods into die sea, or a lake, and there 
as a sediment, sometimes accnmtilating till the bed 
^ is of considerate thirknetaL Clay deposited in 
^r is often mixed with other substances carried akx^ 
ae stream ; but when pore, is composed cntirdy of 
:r compoands miited chemically. These arefOiea 
na. Clay is sometimes caDed nlieftte of ahrariiufc — 
lich in itself reveab the chemical constitution of the 
Silica is a compound containing the two elements 
1 ozyg^en. Alumina is also a binary compound, and 
} of the metal alunimum and ox^^en. Thus there 
elements in clay — silicon, aluminium, and oxygen. 

(Oxygen 



clay 



Aluminium 



['^^-^{^^ 



>cks knowA ^ slate ^d shale are formed from clay, 
the same chemical composition. 

167. The propertied of day. 

are numerous varieties of clay, more or less pure, 
ig in colour from a pure white to all the shades of 
:d, blue, and purple. Among the purest varieties 
entioned kaolin or china-clay, pipe-clay, and ftdler's 
lay is capable of holding water for a long time, and 
r be moulded into various shapes. It is also hardened 
, and is, therefore, well adapted for the manufacture 
and bricks. Vessels made of clay are usually glazed 
Dther substances on their surfaces *, this enables them 
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LESSON XX. 

THE METALS. 

173. Elementi. 

About seventy elementary substances are known to cheoQ 
Most of these are solid at ordinary temperatures, two 
liquid, and four are gases. Some of these elements are fc 
in nature in a free state ; but generally they are in combine 
with other elements. There are resemblances among them 
each one has properties peculiar to itself, by which it m: 
distinguished from all the others. For convenience they 
been classified into metals and non-metals. We will now i 
the 

174. Piftingqiiihinc properties of fhe metals. 

1. Metals have a peculiar brilliancy of sur&ce, wh 
known as the metallio lustre. 

2. As a rule, they are good conductors of heat and 
tricity. Metals are generally used for the plates of el 
batteries, and for the conveyance of the current 

3. Metals have the power of displacing the hydn^ 
acids, thus forming salts. (See Lesson XVII,) 

4. Metals cannot bo dissolved without under 
chemical change. Thus, if zinc be dissolved in sul] 
acid, zinc sulphate is obtained on evaporating ; but, if si 
be dissolved in carbon bi-sulphide, sulphur alone is lefi 
evaporation. 

5. All metals are fusible. 

6. All are opaque. 

7. All combine with oxygen to form oxides. 

8. „ „ chlorine „ chlorides. 
9- 99 99 sulphur „ sulphides. 




AJinniiihuD 
Calcumi 
Barimn 
Copper 



All the metals above-mentioned are solids with one e 
••on— mercury (quicksilver). Of the non-metals, the first 
*re ^ses, and the others are solids. 



QUESTIOA'S OJV LESSON XX. 
an elemeni ? How manjr clementaiy mhstann 



1. What i 
mown? 

2. What ate the distingmslung characleristics nf meials ? 

3. Write a list of aboul Iwenly-four elemenls, clasalj-ing ther 



■*etals [iDd non-metais. 
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178. The physical properties of iron. ^ 
Iron is ihe most useful of all the metals. It is very ti 
An iron wire only -['5 in. in diameter will support a weig' 
80 lbs. When pure, it is granular or crystalline in struc 
but, if rolled, becomes fibrous. Its melting point is very! 
but it becomes soft at a much lower temperature ; and, ' 
in this condition, it may be welded, that is, pieces ma 
joined together by hammering. Iron may be drawn out 
very fine wire, and may be hammered or rolled out into a 
thin sheet. The specific gravity of iron is 7'8. 
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177. Th« chief orea of iron. 
Vcfy little ftee iron is to be found in the earth's crust; « 
is generally associated with other elements, as compound sub- 
stances which are called the ores of the metaL The chief «» 
of iron are : — 

(b) Clay iron-Btone. — This is a carbonate of iron which * 
usually found associated with clay and lime, and is the mos*^ 
important source of iron in this country. The iron is separate^ 
from this substance by heating »* 
very strongly in a blast-furnace wic^* 
I coal and lime. The Ume combine^ 
with the silica of the ore, fonnin^^ 
a glassy substance which is calkC^^ 
' slag,' an oxide of iron is formed, anC^^ 
the coal unites with the oxygen, thu^^ 
leaving the metal in a nearly put^^^ 
state. As the iron is thus separatei^E^ 
from the ore it runs to the bottom^^-^ 
of the furnace in a molten condition, ^^ ' 
while the fused slag floats on ita^^ 
surface. When the process is com- — ' 
' pJete, the iron is allowed to run out ^^ 
■ at openings in the bottom of the — ' 
furnace into grooves made of sand, ' 
where it solidifies. This iron is called in commerce 'pig-iron,' 
It is an impure cast iron, containing carbon, silicon, calcium, 
sulphur, and many other impurities. 

(5) Hematite. — A native oxide of iron found very largely 
in this country, it is grey, black, brown, or red in colour, and 
often contains silica and alumina. 

(f) Iron pjrritea, — A sulphide of iron of a metallic brass- 
yellow or bronze-yellow colour. It is ofien found in cubical 
crystals, and sometimes presents a radiating structure. This 
ore is not worked for its iron, but large supplies of sulphur are 
obtained from it. It is used largely in the manufacture of sul- 
phuric acid. The presence of sulphur in iron pyrites may be 
proved as follows -.-^ 
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Ezperiment 116. — Powder a little of the ore, and heat it 
strongly in a hard glass tube held in a horizontal position so 
that one end may be kept cooL The vapour of sulphur passes 
off and condenses on the cool 

part of the tuba If the heat ^ ^\ 

applied be sufficiently intense, a 
large proportion of the sulphur 
niay thus be driven off, leaving a 
lower sulphide of iron which may 
be attracted by a magnet 

178. The yarieties of iron. 

Iron is never used for manu- 

[acturing purposes in a pure state. ^^^ ^3 . s„ow,kg'thb method op 
■^t is usually associated with car- separating sulphur from Iron 

1 Pyrites. 

'^n, silicon, and other impurities ; 

and the properties of the iron may be greatly modified by the 
Presence of these impurities, particularly the carbon. There 
^^e three varieties of iron — cast iron, wrought iron, and steel. 

Cast iron is the most impure variety of iron. It contains 
^Om s to 6 per cent, of carbon, silicon, and other impurities. 
^t is the first product of the iron ores in the blast-furnaces. 
^^^t iron is granular or crystalline in structure, and is brittle. 
Jt cannot be welded or worked into shape by hammering. It 
^ used largely for the manufacture of pipes and the heavier 
Portions of machinery, and for various articles and utensils 
^hich are not likely to receive heavy blows. 

Steel is the hardest kind of iron, and is consequently used 
for cutting instruments. It is purer than cast iron, containing 
Only from i to 2 per cent, of carbon ; but it is not so pure as 
\^ought iron. Steel possesses great hardness and elasticity* 
but if heated strongly and allowed to cool slowly it loses both 
these properties, and becomes very much like wrought iron. 
It can again be hardened by raising it to a high temperature 
and then plunging into cold water or oil. This process is called 
tempering. By altering the rapidity of cooling every degree 
of hardness may be obtained. Steel may be rendered perma- 
nently magnetic. Wrought iron may be easily magnetised by 
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simply placing it near a magnet ; but it loses its magnetic 
properties as soon as the magnet is withdrawn. Steel is best |^ 
magnetised by rubbing a magnet on its surface, and when "^ 
treated in this manner it will retain its magnetic properties 
indefinitely. 

Wrought iron, or malleable iron, is the purest and softest 
variety. It is very tough and fibrous, and is easily welded |^' 
Wrought iron is so called because it can be wrought into sP^I 
required shape by hammering, cutting, and welding ; it ^^ 
therefore, largely used for making such articles as nails, hor^^' 
shoes, bolts, etc. Wrought iron is prepared from cast iron t^^ 
the process called ^ puddling,^ — The cast iron is melted in ^ 
furnace, and while the burning gases from coal are playing o r^^ , 
its surface, it is kept in motion by means of the * puddling-roc^^' 
The iron is thus deprived of the greater portion of its carbon^^^* 

179. Oxidation of iron. 

When iron is exposed to moist air it becomes 'rusty' ; thi^^ 
is due to the formation of an oxide of iron, the oxygen bein^ 
obtained from the air. When iron is strongly heated it oxidise 
more rapidly ; but in this case another oxide is produced ii 
the form of black scales. This may be shown by heating a ba^ 
of iron to a white heat. After cooling, the black scales of th^ 
oxide may be removed from the bar by hammering. It wilt -^ 
be remembered, too, (see Art. 64) that iron may be rapidly**^ 
converted into a black oxide by burning in oxygen gas. Iron, 
will not rust in perfectly dry air ; it will also retain its bright 
surface in pure water from which all air has been removed by 
boiling. The action of steam on iron was described in Art 88. 

180. The action of acids on iron. 

Sulphuric, nitric, and hydrochloric acids all dissolve iron 
readily, forming iron sulphate, iron nitrate, and iron chloride 
respectively ; and, in each case, the salt may be obtained in a 
crystalline form by evaporation. It will be noticed, however, 
that when iron is thus dissolved a black deposit settles at the 
bottom. This is composed chiefly of the carbon which the 
iron contained, and would, consequently, be greatest when cast 
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iron is used When iron is dissolved in-sal|^uric ck hydro- 
<^hloric add, hydrogen gas is given off. The three salts of iron 
dbove-mentioned are all readily soluble in water. 

181. Seduction of iron from the oxide. 

Hydrogen and carbon are both valuable reducing agents ; 
'^ving a great affinity for oxygen gas, they are largely used for 
^moving the oxygen from metallic oxides, thus reducing the 
^etal to the pure state. On a large scale carbon (in the form 
of coal) is used for the reduction of iron ; but the following 
^iixiple experiment illustrates the reducing power of hydrogen. 
Experiment 117. — ^Take a piece of hard 'combustion 
Cubing,' about 9 inches long and \ inch or less in diameter, and 
place in the centre of it a Uttle red oxide of iron. Now at 
^ach end fit a cork, perfor- 
ated and provided with a 
glass tube passing through 
it. Attach one end to the 
<ielivery tube of the hydro- 
gen apparatus (see Art 82), 
So as to allow a current 
of dry ' hydrogen to pass 
through the combustion 
tube. Apply heat to the 
iron oxide till red hot, and 
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OP IRON Oxide by Means qp Hydrogen. 

then allow the hydrogen to ^%i". S£'co^"a%^n^K^^ 

pass over. A change im- auinchrojide;«,combu5tiQntub^^ 

mediately commences — 

the red oxide disappears, and black particles of iron remain in 
its place, of course with a loss of weight, for the oxygen of the 
iron oxide combines with the hydrogen passing over, and forms 
water-vapour, the condensed cloud of which may be seen 
issuing at the other end of the tube. When the action is over, 
and the tube cold, the iron particles may be shaken out. 
Being in a finely divided state, they will probably rapidly 

' Hydrc^en gas may be dried by passing it through a tube or bottle 
containing fragments of calcium chloride. Coal gas may be used instead of 
hydrogen. 
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of iron plate. The metal now presents a bright silvery surface. 
Continue to apply heat to the metal, at the same time blowing 
a current of air over its surface with a pair of bellows. Some 
of the oxygen from the air will combine with the lead, and 
form a straw-coloured compound known as litharge. This 
oxide of lead, when strongly heated with silica, combines with 
that substance, forming a glass which is easily fusible, and there- 
fore largely used in making the tubing so commonly employed 
in chemical experiments. 

Experiment 120.— Place a little litharge in an iron spoon, 
and heat it to redness. Let it remain exposed in this heated 
condition for some time* It will gradually absorb oxygen from 
the air, and be changed into another oxide known as the red 
oxide of lead, or red lead. This oxide is also used in the 
manufacture of * soft * glass. 

187. To obtain load from tho oxide. 

Experiment 121. — Mix a little lead oxide with powdered 
charcoal, and place the mixture in a hollow in a sound piece 
of charcoal. Now heat the mixture strongly by directing a 
blowpipe flame on it. After some time remove the remains of 
the mixture, and notice the little beads of metallic lead, which 
will produce black marks on paper when drawn over it. In 
this experiment the oxygen of the lead oxide combined with 
charcoal and passed oflf in the form of carbonic acid gas, leaving 
the lead in the metallic stata 

188. Lead nitrate. 

Experiment 122.— Pour some nitric dcid into a large test* 
tube containing either some fragments of lead or a little lead 
oxide, and warm it over a spirit-lamp. The lead or oxide will 
be slowly dissolved by the acid, and, in the former case, red 
fumes will be given off as long as the action lasts. Allow the 
acid to dissolve as much as it is capable of doing, then set it 
aside to cool, and notice the deposit of crystals of lead nitrate. 
The crystallisation may be completed by the evaporation of the 
liquid. Dissolve some of this lead nitrate in water, and set aside 
the solution for future experiments* 
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189. Lead chloride. 

Experiment 123. — This salt is not prepared by adding 
hydrochloric acid to lead or lead oxide, as the acid acts very 
slowly on these substances. It may be conveniently prepared 
by adding hydrochloric acid to a solution of lead nitrate ; the 
lead chloride being thrown down as a white crystalline powder. 
Lead chloride is only slightly soluble in water, water dissolving 
only one-thirtieth its own weight of this substance. 

190. Lead sulphate. 

Sulphuric acid acts very slowly on lead, consequently the 
method of preparing lead sulphate is very similar to that of 
preparing the chloride. 

Experiment 124. — Add sulphuric acid to a solution of 
lead nitrate, and lead sulphate is precipitated in the form of a 
white powder. Lead sulphate is insoluble in water. 

191. Lead acetate, or sugar of lead. 

This compound is a very useful salt of lead. It is soluble 
in water, and is prepared by dissolving lead in acetic acid. 
Lead acetate may be used instead of lead nitrate in the pre- 
paration of the sulphate and chloride. 

192. Lead carbonate. White-lead. 

Lead carbonate is insoluble in water, and is slowly formed 
wheti water containing carbonic acid gas Comes in Contact with 
lead. 

White-lead is a combination of lead carbonate with lead 
oxide. It is largely used in making paints. 

193. Summary. 

1. Lead is a metallic element, soft, ductile, malleable, and 
easily fusible. S.G. = 11-3. Melting point = 334° C. 

2. Lead oxidises in moist air, but not in dry air or in water 
freed from air. 

3. The chief ores of lead are : — 

(a) Galena — ^lead sulphide. 
ip) Cerusite — lead carbonate. 
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4- Lead combines with oxygen, when heated, foniung the 
yeUow oxide (lithaige) and red oxide (red lead). 

5. Lead may be obtained from lead oxide by strongly heating 

withcbarcoaL 

6. The fdlowing table gives a sommaiy of the chief &cts 
cooceming the more important compounds of lead : — 
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QUESTIOXS ON LESSON XXIL 

1. Describe the physical properties of kadL 

2. What are the chief ores of lead? Describe the compodtioo of each. 

3. What are the chief compounds of lead and oxygen ? Describe theil 
preparation. 

4. Wliat is red lead ? How is it prepared ? 

5. How would yoa obtain lead firom lead oxide ? 

6. Describe the preparation and properties of lead nitrate. 

7. How would you prepare lead chloride ? 
S. How would you prepare lead sulphate ? 

9. What is sugar of lead ? How is it prepared ? What are its pro> 
perties? 

la What is white-lead ? 

1 1. Describe two methods of preparing lead sulphate and lead chloride. 

12. Give a list of the chief ccmpcands of lead, and describe the com- 
position of each. 
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LESSON XXIII. 

COPPER. 

194. Physical properties of copper. 

Copper may be distinguished from all other metals by its red 
colour. It is a little heavier than iron, its specific gravity being 
8-8. It is very ductile and very malleable. It is very tena- 
cious ; a wire of only one-fifteenth of an inch in diameter will 
support a weight of 2J cwts. It is one of the best conductors 
of heat and electricity. If heated to a bright red heat it melts, 
and, at a white heat, it gives off a vapour which burns with a 
green flame. A fine copper wire may be fused in the flame of 
a Bunsen burner ; but an iron wire, in the same flame, would 
simply be softened. 

195. Occurrence in natnre. 

Native copper is found largely in Cornwall and Siberia, but 
our supplies of this metal are obtained chiefly from an ore 
containing copper, iron, and sulphur, called copper pjrrites. 
This mineral also is very abundant in Cornwall. 

196. Oxidation of copper. 

Copper undergoes no change in dry ah-, nor does it oxidise 
under any conditions at ordinary temperatures. When copper 
is exposed to moist air it becomes covered with a green crust. 

Experiment 125. — When heated strongly in air, copper 
combines with oxygen, forming a black oxide. This may be 
illustrated by heating copper turnings in a Bunsen burner. 

197. Sednction of copper oxide by hydrogen. 

Experiment 126. — Copper may be obtained from its oxide 
by an experiment similar to that described in Art. 181. Pass a 
current of dry hydrogen or of coal gas through a tube contain- 
ing copper oxide heated to a red heat The hydrogen combines • 
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SOL Tk0 ffi^bMOMBl «r etfpcr finn ill ntation. 

IbcfmmmA ISflL— Prepare i sohitioti of ccippa sulphate, 
and add a dropcf soli^aric add. Introduce mto thissolution 
a piece of bright and dean steel — a knife-blade or a key. Ina 
very short time the sted wiD be corered with a deposit of the 
red metallic copper which has been displaced from its combina- 
tion with sulphur and oxygen. 

1. Copper is a metallic dementary substance, red, maDe- 
able, ductile, tenadous, and a good ccmductor of heat and eke- 
iricity. 

2. Copper is found native. Its chid ore is copper pyrites. 

3. It does not oxidise unless strongly heated. 

4. Copper oxide may be reduced by heating in hydrogen. 

5. Hydrochloric add has no action on copper. 

6. Heated sulphuric add dissolves copper, forming copp^^ 
sulphate and sulphur dioxide. 

7. Nitric add dissolves copper, forming copper nitrate. 

8. Verdigris is copper acetate. 

9. Copper is hardened by the admixture of zinc and tia 

QUESTIONS ON LESSON XXIIL 

1. Describe the chief ph]rsical properties of copper; 

2. Compare the properties of iron, lead, and copper. 

3. What is meant by native copper ? 

4. What is the most abundant ore of copper ? Describe its. chemic^ 
composition. 

5. Under what conditions will copper combine with oxygen ? 

6. What chemical action takes place when copper is exposed to tb 
atmosphere ? 

7. How would you obtain pure copper from copper oxide ? 

8. What is the action of hydrochloric acid on copper ? 

9. Describe fully the action of sulphuric acid on copper. Give th' 
composition and properties of the products of this action. 

10. How would you prepare crystals of copper sulphate ? 

1 1. What is blue vitriol ? 

12. Describe fully the action of nitric acid on copper. 

13. How would you prepare crystals of copper nitrate 

14. What is verdigris? How is it formed ? 

15. What is an alloy ? Mention the chief alloys of copper. 

16. How would you prove that the blue salt called blue vitriol contain; 
the red metal, copper ? 
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and is die hcAik a t Ignd cac«!x. jC idl ^gTarrrr hl x per re 
scales^ 13^ tioKS b ovx vcunzK ac iche? — ics Krv.nr Ar^*li 
is 13-6. If icdaoed t3 a vnrr'ii ils t cf 4=' C be»r sr^ 



widi a czystalfiiie saiitLiefc 3ferc3rT beans jc 353* C. i;ii=g 
off a colopiless rapam wfeidt ccrwngs rewgr on mot^g. 

E^eriaeBlUiL — Hcsaaay be TngricedbTbeazzgaboct 
an ounce of uiamii in a test-tsbe over the Manut cf at spoi:- 
bmp or gis-bmnei; iKJdiiag dae tAr a aa ob^i^ae posxsoc 
The vapour gifcn off coodciHC^ 00 die cool psit of die tube 

in the form of fitde gM"ilc^ 

Meicmy is oficn purified bf die process caDed disrillaiion ; 

for, like water, wben coovcited into Tipoar, it leaies behind 
ntost of its imparities^ It is nsed hrgdj in die manofKtare 
of thennometen^ as it expands and contiacts regolaily, and 
does not freeze eicept in coontiies wbere the cold is intoise. 
Being the heaviest liquid known, it is used in making baro- 
meters. The atmosphere win support a Tertical column of 
mercury about 30 inches hig^ and the vaiying pressure of the 
air is measured by the heig^ of the cc^umn of mercury sup- 
ported. A barometer ccmtaining water instead of mercury 
would-be mare than 30 feet in height, since 30 feet of water 
presses no more than 30 inches of mercury. 

SOI Oeeurrenee in nature. 

Mercury is found native in Spain, California, and other 
countries, but our chief supplies are obtained from an ore 
called cinnabar. This mineral is a sulphide of mercuryi 
having the same composition as the well-known pigment ver* 

milion. 
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iMptriiiimt 191. — The feOoving intprtMin g expoiment 
ulixsc3ces X 3iixtasil exchange of efemrnts between two com- 
pciincs : — Moke weik snlimons of l un uuji diloride (corrosive 
sQciimarp? ^ssi. potasaimi iodkkL Add a litde of the latter 
scitrdcn :c die fonner, aiai a pcedpitate wOl be finmed which 
IS jc dist 1 pale veHow; bet speedily changes to a salmon cdoui 
ind ±1=1 X srnrfer. The mercury chloride contains the de* 
mescs sxercny and drlorine ; d^ potasstmn iodide contains 
die elements pocassimni and iodine^ The former compound 
rl^res ::p xs chlorine %x iodiDe, while die latter gives up its 
iocine obr die rhlorine The cobmed compoond formed is 
±e mescTirT oodide prodnced by diis mntnal interchange. 
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p.,^.«;«^ ;.^i;.:^ Fvxiesiinii. "^ . Fotassiom ddoride f Potassmm 

F^assmii axnie > j^,,^ , \ (cnfamfcss) Ichlorine. 

1. Meroiry ss the only metal liqnid at ordinary tempera- 
tures^ b the heiTiest Bqoid known, and has a specific gravity 
of i3'6. 

2. I:bo::sa:35o-C,andfreettsat— 4o*'C AVhen it boils 
i: gives oa a colourless vapour, and when solid it is crystallio^ 
ar.d malleable. 

3. Mercury is found native. The chief ore of mercury i^ 
cinnabar, composed of mercury and sulphur. 

4. Mercury does not tarnish when exposed to air, but ozi' 
dises slowly when heated to near its boiling point 

5. Hydrochloric acid does not attack mercury. Hot sul- 
phuric acid dissolves it, forming the sulphate. Nitric acid 
dissolves mercury, forming mercury nitrate. 

6. Mercury dissolves many metals, forming amalgams. 

7. Mercury is displaced fi^om its solutions by bright iron or 
copper. 

8. It may be separated from any of its compounds by 
heating with sodium carbonate. 



Mercury I2i 

QUESTIONS ON LESSON XXIV, 

1. Describe the physical properties of mercury. 

2. Why is mercury used for thermometers and barometers ? 

3. What changes take place when mercury is heated gradually to a high 
temperature ? 

4. What are the boiling and freezing points of mercury ? 

5. In what forms does mercury exist in nature ? 

6. What is red precipitate ? How may it be formed ? 

7. Describe the action of heat on red oxide of mercury. 

8. What is an amalgam ? Give the names of some metals that will 
amalgamate with mercury. 

9. How could you prove the presence of mercury in a solution ? 

la What is cinnabar? How would you prove that it contains mercury? 
II. How would you obtain mercury from mercury chloride ? 



LESSON XXV. 

SODIUM. 

212. The physical properties of sodium. 

Sodium is a very soft metal — so soft that it can be worked into 
any shape by the pressure of the fingers. If cut or broken, 
the parts may be easily welded together again. 

Experiment 136.— Throw a piece of sodium on water. 

The metal swims about on the surface, decomposing the water, 

and gradually disappearing. Some of the hydrogen of the 

Vrater is set free, and the sodium is converted into caustic soda. 

It will be noticed, too, that, while the sodium is swimming on 

the water, it is always globular in form. This is due to the 

fact that it has been melted by the heat consequent on the 

chemical action. It will thus be seen that the fusion point of 

the metal is very low. 

213. Occurrence in nature. 

Sodium is never found native, its affinity for oxygen and 
other elements being so great. Common salt, which is so 
largely distributed in the sea, as well as in the rocks as rock 
•alt, contains more than one-third of its weight of sodium. 
Most natural waters contain sodium in combination with other 
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Th5s is a sEI'Ter-v^ire oecaL and is soft, maDeable; and 
ductile. I3 sp&ci5c ^: :k%I:v is 7^3. Its mdtii^ temperature 
(235^ C) is conskkrabihr k>vef ihan that of lead, and a piece 
of the metal may be easth* mdied in tbe flame of a cayndle 
The ' tin-plate ' which is used so larg^ for weaving kettles, 
cans, and other utensils, is really sheet iron, covered with a 
thin coating of tin ; the latter metal, not being oxidised by air 
or water, serves to protect the ircm. Hydrochl(»ic acid dis- 
solves tin, forminp; a chloride of the metal, and liberating 
hydrogen. The substance called putty powder is an oxide of 
tin, which may be prepared by burning the metal 
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220. Magnesium. 

This metal closely resembles tmt both in appearance and 

chemical properties. It melts at a dull red heat, and boils 

^Hen heated to bright rednessi Magnesium does not oxidise 

in dry air at ordinary temperatures j but, when heated strongly 

'n air, it bums with a dazzling white light, forming an oxide 

^hich is called magnesia. Magnesium rapidly dissolves in 

'hydrochloric and sulphuric acids, and in each case hydrogen 

&^s is evolved The substance known as Epsom salts is 

'^^^agnesium sulphate. Magnesium is one of the lightest of 

Petals, its specific gravity being only 175. 

221. Silver. 

Silver is a very ductile metal, and is the best conductor of 
'^^at and electricity known. Vt b readily dissolved by nitric 
^^d, silver nitrate being formed, and nitric oxide evolved. 
Silver is not oxidised in air, but readily combines with sulphur, 
^^^ntiing a black sulphide. Coal gas contains small quantities of 
^^Iphuretted hydrogen, and, when this gas comes in contact 
^tH silver, it gives up its sulphur, which combines with the 
^^tal. It is for this reason that silversmiths bum their gas 
chiefly outside their shops, and also protect their silver goods 
^y enclosing them in air-tight cases. If a silver spoon be used 
*^ eating an egg it is blackened by the combination of the metal 
^ith sulphur from the egg. Silver is sometimes used in a pure 
state, but for coinage, and for the manufacture of silver plate, it 
*^ generally mixed with a small amount of copper. The specific 
S^vity of silver is lo'S. 

222. Oold. 

Gold is always found in the free or uncombined state. It 

^5 one of the heaviest of metals, having a specific gravity of 

^9*34. It is extremely malleable and ductile, and in its pure 

state is nearly as soft as lead. Gold does not oxidise at any 

temperature, either in dry or moist air, hence it is used largely 

wi the manufacture of ornaments. Single acids do not act on 

gold, but the metal may be dissolved in aqua regia (a mixture 

of nitric and hydrochloric acids) when gold chloride will be 
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tXL Aetiflm of aeetie add on earbonates. Acetates. 

When added to a carbonate, acetic acid sets free the 
carbonic ack), and combines with the metal, forming the ace- 
tate of the metal The following experiment illustrates this 
action. 

SsperiflMEt 1S9. — Pat a little sodium carbonate into a 
test>glass» and add acetic add very slowly and gradually till 
the gas ceases to be evolved. A lighted taper plunged into 
this gas is instantly extinguished ; and it may be proved to be 
carbonic acid gas by passing a little of it into lime-water, when 
a precipitate of chalk will be formed. Now evaporate the 
liquid to dryness, and a white crystalline substance will remain. 
This is the salt known as sodium acetate. Other acetates may 
be formed in a similar manner by using the carbonates con- 
taining other metals. 

83S. Aetion of aeetie add on alkalies. 

Szperiment 140.— All alkalies may be neutralised by acetic 
acid, and in each case an acetate will be formed. Prepare a 
small quantity of a strong solution of potash, and add to it 
sufficient solution of litmus to give it a distinctly blue colour. 
(It will be remembered that the alkali has no action on blu^ 
litmus.) Then add acetic acid, drop by drop, stirring all 
the time, till the liquid just hegins to turn red^ and remains 
permanently of a purplish colour. The solution is now neutrdj 
the acid and the alkali have exactly neutralised each other, and 
formed a salt £\'aporate the liquid to obtain the salt in a 
crystalline form. This salt is potassium acetate. Other ace- 
tates may be similarly produced by neutralising the acid with 
the alkalies of other metals. 

233. Composition of acetic acid. 

Acetic acid contains the three elements carbon, hydrogen, 
and oxygen. Its percentage composition, by weight, is carbon 
40 parts, hydrogen 67 parts, and oxygen 53-3 parts. 
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234. The finmation of acetie adcL 

Tlie impure variety of acetic acid known as vinegar is 
largely prepared by the exposure of the poorer wines and beers 
to the air. These liquors contain alcohol, and the alcohol 
combines with oxygen of the air, thus changing into acetic acid. 
It has been found that this change cannot take place without 
the presence of a minute living organism, which, during its 
rapid growth and multiplication, acts as a medium by which 
the oxygen is transferred from the air to the alcohol. This 
organism is really a minute vegetable — a kind oi fungus — 
which floats on the liquid, and has received the name myco- 
derma aceti. 

Acetic add is also prepared by the destmetiTe diitiTlation 
of wood. Wood is heated in a large retort, and the various 
vapours which distil over are condensed in a cool receiver. 
Among these vapours is that of acetic add, and consequently 
the liquefied acid is found mixed with the other products of 
distillation in the receiver, and is afterwards separated from 
them. 

235. Action of acetie add on iron. 

Eiperiment 141. — Poor some strong acetic add on iron 
^nngs, or scraps of thin iron wire. The iron is dissolved, and 
hydrogen gas is evolved. Filter the liquid when all action has 
^ased, and the substance thus obtained is a solution of iron 

Acetate 

236. Lead acetate. 

Experianeiit 142. — Dissolve a litUe lead oxide in acetic 
^cid, and evaporate die liquid remaining to obtain die white 
^stals of lead acetate. This salt is soluble in water, and has 
^ sweetie taste. It is commonly known as sagar of lead. 

237. Sodiim acetate. 

This salt is also sohiUe in water. like the odier afftates, 
It does not possess the odour of acetic add But if warmed in 
^ test-tube widi a fit& dilate salpharic add, die vapocr of 
acetic add is given o^ and may be recognivd hj its odocxr. 
It may also be coflected in a cooled recr..; 
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LESSON XXIX 

TARTARIC ACID. 

239. The properties of tartaric acid. 

This is another vegetable acid. It occurs in the juices of 

many fruits, especially grapes. Tartaric acid is a crystalline 

solid, possessing no odour, and is readily soluble in water. 

It has all the properties common to acids. Its solution reddens 

Vumus, and decomposes carbonates. 

240. Composition. 

Tartaric acid is composed of the same elements as acetic 
acid, but in different proportions, viz. carbon 32 parts, hydrogen 
4 parts, and oxygen 64 parts. 

241. Preparation of tartaric acid. 

This acid is obtained chiefly from the juice of the grape. 
The juice, after being pressed from the fruit, is allowed to fer- 
ment. This fermentation is a chemical action, giving rise to 
an impure potassium tartrate, named in commerce * argol,* from 
^hich the acid is prepared by the separation of the metal 
potassium. 

242. Action of tartaric acid on carbonates. Tartrates. 

Bxperiment 143. — Dissolve a few crystals of tartaric acid 
^n water, and add, a little at a time, a solution of washing soda. 
(It will be remembered that common washing soda is sodium 
carbonate.) Carbonic acid gas is rapidly given off, and the 
action continues till the whole of the acid has been neutralised. 
*^hen this is the case, evaporate the liquid, and a crystalline 
^ass of sodinm tartrate is produced. Other tartrates may be 
similarly prepared by decomposing various carbonates. 
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3. Tartaric add decomposes carbonates, setting free car- 
bonic acid gas, and forming tartrates. 

4. Many effervescing drinks contain tartaric acid and sodium 
bicarbonate. 

5. Cream of tartar is a potassium tartrate, possessing acid 
properties. 

QUESTIONS ON LESSON XXIX. 

1. What are the chief properties of tartaric acid ? 

2. Describe the chemical composition of tartaric acid. 

3. Whence do we obtain our chief supplies of this acid ? 

4. Describe fully the action of tartaric acid on sodium carbonate. 

5. What is cream of tartar ? Whence is it obtained ? 

6. How would you prove that tartaric add contains carbon ? 

7* What is the cause of the effervescence produced by dissolving 
^erbet or seidlitz powders in water ? 



LESSON XXX. 

FATS AND OILS. 

246. The general properties of fats and oils. 

^^1*8 and oils are all neutral bodies, being composed of an 
^^*cl and a base, and are, therefore, salts. In all fats and oils 
*"e base is glycerine, but the acid varies. Thus in tallow the 
^pid is stearic acid, in palm oil it is palmitic acid, and in olive 
^ it is oleic acid. Fats are solid, and oils are liquid, and 
"^th are insoluble in water. Nearly all the fats are derived 
^^iJa animals, and the oils are obtained chiefly from the seeds 
^'^^ fruits of vegetables. 

247. Tallow. 

Tallow is the name applied to the fat obtained from the 

^^> sheep, etc. The fatty substance of the animal, as it is 

^^itioved from the body, is composed of minute fat cells, con- 

^^cted together in a mass by a membranous substance. The 

^^t in the Httle cells is liquid during life, but solidifies after the 

Animal is dead. By boiling the fatty substance in water till 

ftve fat is melted, and then putting it under pressure, the pure 
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pi€ssiire. The stearic acid and the glycerine both pass over 
in the form of vapour with the steam, and when cold the bodies 
remain separate. 

252. Summary. 

1. Fats and oils are salts, insoluble in water. 

2. All contain glycerine in combination with an acid. 

3. Tallow is glycerine stearate. 

4. Oils and fats are decomposed by alkalies, the glycerine 
being set free. 

5. Tallow, heated with a solution of potash, forms potassium 
Stearate and free glycerine. 

6. Potassium stearate is decomposed by hydrochloric acid, 
^ stearin being set free. 

7* Stearin is soluble in alcohol and ether. 
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QUESTIONS ON LESSON XXX, 

AVhat are the chief properties common to fats and oils ? 

^Vhat do you know of the chemical composition of fats and oils ? 

'What is tallow ? How is it prepared ? 

X)escribe the chemical composition of tallow. 

Describe fully the action of potash on tallow when heated with 

"What is stearin ? How may it be prepared ? 

How may tallow be separated into glycerine and free stearic acid ? 
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SOAP AND GLYCERINE. 



253. How to make soap. 

Th^re are several varieties of soap, but they are all formed by 

^^ combination of an alkali with a fat or oil. Almost all the 

^ and oils have been used for the preparation of soap, and 

"^ alkali used is potash or soda. The following experiment 

niustrates the method of preparing the ordinary white or yellow 
soap. 

K^eriment 146. — Put some tallow in a beaker glass with 
a few ounces of water. Support the beaker on a piece of wire 
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piesent on the surCice of the body. Hence it is that we find 
the use of soap so necessary for Uie thorough cleansing of the 
sldn. 

856. The action of loap on hard water. 

Those who have used both hard and soft waters for washing 

must have noticed the comparative ease with which a lather 

may be produced by means of the latter with a little soap. In 

washing, it is necessary that the soap should be in solution. 

This solution is very readily obtained with soft water. But 

hard water contains the salts of lime ; and when soap is mixed 

with hard water, instead of forming a simple solution, it com- 

bmeswith the lime and forms an insoluble substance called 

calcium stearate, which floats on the surface in white masses. 

After all the lime present has thus been converted into the 

steatate, the soap begins to dissolve, and then its cleansing 

properties become apparent It will thus be seen that hard 

^^ater may be softened by using sufficient soap to convert all 

^ lime into an insoluble form ; but this is an expensive and 

^ublesome method, compared with the methods mentioned 

m Lesson II. 

257. Glycerine. 

Glycerine is a thick, syrupy, colourless liquid, having an in- 
tensely sweet taste. Its specific gravity is i '2. It is composed 
of the same elements as sugar, but in different proportions. 
Glycerine is soluble in water and alcohol. It is decomposed 
when heated alone, and leaves a black mass of carbon ; but 
when heated with water it is unchanged \ the glycerine vapour 
passes over with the steam, and both may be condensed to- 
gether in a receiver. If pure glycerine be reduced to a low 
temperature it becomes solid. 

258. Preparation of glycerine. 

Two methods of separating glycerine from fats have already 
been described (Arts. 253 and 254) ; but very large quantities 
of glycerine are manufactured by decomposing fat with lead 
oxide. The stearic acid combines with the lead oxide, and 
forms Mead soap,' and the glycerine is thus set free. 
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LESSON XXXIII. 

STARCH, DEXTRIN, AND GLUTEN 

265. The properties of staroh. 

Starch is a vegetable compound found in all parts of plants, 
but especially in the roots *^d leaves. It is the chief con- 
stituent of potatoes, rice, s^, |»pioca, and arrowroot. Starch 
is a neutral substance. It ip ^'^ 
not crystalline in structure, 
but consists of very minute 
granules or cells, which vary 
in size in different plants. 
Starch is insoluble in cold 

water, but when boiled with Fig. 63.-Starch Grains, as seen under 

water the little cells swell up ^"" microscope. 

and burst, and some of the starch dissolves. When this solu- 
tion cools it forms a thick paste, which is used for stiffening 
linen. If we boil some of the starch paste for some time with 
more water the starch is changed into a soluble form, and the 
solution becomes clear. 

266. How to obtain starch from potatoes. 

Experiment 148. — Cut a large potato in two, and rub the 
cut surfaces together in a fine stream of water issuing from a 
tap. Allow the washings to pass into a clean vessel and settle, 
then pour off the clear water. The sediment now remaining 
consists of starch cells, each single cell having a diameter of 
about xiry^^ o^ ^^ i'^c^- 

267. The composition of starch. 

Starch contains the same elements which are found in 
sugar, in the following proportions by weight ;— 

Carlxjn . . 44*4 

Hydrogen 6*2 

Oxygen 49'4 

lOO'O 
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Starch, bodi in hs soinble and inscdable fonns, prodaces 3 
bfaK cokKzr vith iodzne: This cokxir may be destroyed by 
hrating; bat letuius a^ain on oxdii^ The pfesence of starch 
ODOT be proved by the application of thb test 



Itt. — Heat some starch to a temperature of 
about 150^ C, azxl it will be conTerted into asoluUe substance 
knovn as dextrin, or British gunk The conversion will be 
much more rapid if a smaD quantity of dilute nitric or hydro- 
chloric acid be added. Dextrin is soluble in hot and cold 
water, and b largdy used as a substitute for gum arable 
Extract of malt will also convert starch into a soluble substance, 
whkrh b really a mixture of dextrin and grape sugar. 

STO. ffiitoL 

This is a sdcky, elastic substance, found in wheat flour. 
Wlien fresh and moist it may be drawn out into threadsL 
Unlike starch, it soon putrifies when eiqposed to the air, giving 
off a very unpleasant odour. 

871. Con^ootioiLof glnten. 

Gluten contains the elements carbon, hydrogen, oxygen, 
and nitnf^jtn^ but it varies in chemical composition, as it con- 
sists of these four elements united together in slighdy varying 
propcxtions^ 

878. How to obtam giuten. 

Szperiment 150. — Tie some wheaten flour in a calico bag, 
and well knead it for some time in a vessel of water. The water 
becomes milky through the separation of starch which passes 
through the calico from the flour. (Prove this to be starch by 
means of the iodine test) Now examine the contents of the 
bag. These will be found to consist of a ^cky mass, com- 
posed largely of gluten. By kneading for a very long time, all 
the starch may be removed. Wheat flour is composed of 
about 70 per cent of starch and about 10 per cent of gluten. 
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273. Food substances. 

The animal and vegetable substances that we use for food 

Q^y be divided into two classes : — nitrogenous and non-nitnh 

g^nous. The former class includes those foods which contain 

nitrogen, and the other class those foods which are composed 

of carbon, hydrogen, and oxygen only. The nitrogenous foods 

are sometimes called flesh-forming foods^ as they contain the 

nitrogen which is an essential constituent of flesh or muscle. 

The non-nitrogenous foods are sometimes termed htat-pf^^ 

ducing foodsy as they are supposed to be the chief source 

of heat in the body. Non-nitrogenous foods are sometimes 

called fat-producing foods, Sugar, fats, and starch are ex* 

amples of this class ; and gluten is one of the nitrogenous or 

flesh-forming foods. 

274. Summary. 

1. Starch is a vegetable compound, composed of carbon, 
hydrogen, and oxygen. 

2. It is insoluble in cold water, but slightly soluble in hot 
water. 

3. Starch is cellular or granular in structure. 

4. It forms a blue colour with iodine. 

5. When heated to 150° C. it is converted into dextrin, or 
British gum. 

6. Gluten is found in wheat and other cereals. It contains 
carbon, hydrogen, oxygen, and nitrogen. 

7. Foods may be classified as follows : — 

' Nitrogenous, containing carbon, hydrogen, oxygen, 
and nitrogen. Example — gluten. 
Foods \ Non-nitrogenous, containing carbon, hydrogen, 

and oxygen. Examples— starch, sugar, 
fat 



QUESTIONS ON LESSON XXXIIL 

1. Whence do we obtain starch ? Describe its chief properties. 

2. How would you make a solution of starch ? 

3. How would you obtain starch from a potato ? 

4. Describe the structure of starch. 

5» Give the chemical composition of starch. How would you prove 
that it contains carbon and hydrogen ? 
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the alrph#>l passes off at fiist moie leadflj than the 
wata; and t o w ards the end of die pnxxss the proportion of 
water is much larger. By mtxiiig with lime before commencing 
the di^iHatioo^ die water b kept bock, and the akc^l may be 
aiade to pass off ahnost free fiom water. 

154 — Pot a litde beer into a glass retort, 

apply heat, and con- 
dense the T^pour ^ven 
off in a flask kept cod 
by a running stream of 
water. Distil only a 
small quantity and throt 

away the remainder. 
filix this HigtiHatff with 
qnkklime, allow it to 
stand for an hour or 
two^ and then distil 
again. The seomd dis- 
tilate thus produced contains a large proportioa of akohol, 
has a burning taste^ and may be readily ignited. 

S79L 'PtMf^izit* 

The proof spirit of die Esdse contains 50*8 parts of water 
and ^9*2 parts of alcohoL This mixture, when ignited on gun- 
powder^ will tire the latter. If a larger prc^xvtioD of water be 
present it will not ignite gunpowder, and the mixture is then 
rsaid to be ' tuider-frwf. 
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Fermentation is a peculiar dtemkal actioQ doe always to 
the presence of minute liYtng beings, belor^ing generally to 
the >r(^table kingidom. There are dififerent kinds of fermen- 
tatioR^ but one of die most common is that in which akc^ol 
and carbonic acid are formed Acetic arui odier adds are also 
produced by the action of certain ferments — ferment being the 
Qtame given to die organism whidi has the power of producing 
theactiook Sooiedmesy as in die case of beer and wiiie, the 

^>r^^H.*^^l^cv» ^>lx m wiribont thi^ aiAfihnn nf a frrnM>nt But in 
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uch cases either the liquid already contains a ferment, or the 
eeds or sporules of the living beings float about in the air and 
hop into it. During the fermentation of a liquid the rapid 
nultiplication of the organisms may be watched under the 
nicroscope. The yeast plant is the ferment used in the 
brewing of beer. The juice of the grape already contains a 
erment, so that no such addition is necessary in the making of 
vines. The following experiment illustrates a simple example 
)f fermentation :— 

Experiment 155. — Place a solution of sugar in a large glass 
lask and add some yeast. Let the flask be provided with a 
-ork, and a delivery tube which 
iips into a solution of clear 
ime-water. Set this apparatus 
iside in a warm place for a few 
lays. At the end of this time 
I deposit of chalk will be found 
n the vessel which contained 
he hme- water ; and alcohol may ^j 
►e obtained by the distillation ol 
'le Hquid contained in the flask. 

'he cane sugar was first changed ^'°- 65.- Illustrating Experiment 
itO grape sugar by the action of «, Flask containing sug^ar, water, and 

le yeast, and then into alcohol y""' '' *' ^"^^ *^^"'""*"« "'"^^'^'*- 
id carbonic acid gas. Almost all the alcohol used in the manu- 
cturing industries is prepared by the fermentation of sugar. 

281. Smnmary. 

1. Alcohol, or spirits of wine, is a colourless, neutral, volatile, 
id combustible liquid. It is lighter than water, in which it 
ssolves, giving off heat 

2. Alcohol boils at 78° C, and does not solidify at the lowest 
lown temperatures. 

3. Methylated spirit is a mixture of common alcohol and 
ethyl alcohol or wood-spirit. 

4. Alcohol contains carbon, hydrogen, and oxygen. When 
bums, water-vapour and carbonic acid gas are produced, and 
3 residue is left. 
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T. Describe an experiment to show that air has weight. (8.) 

2. How would you prove by experiment that air, water, and iron 

expand on being heated ? (9.) 

3. Why is the gas obtained by the action of hydrochloric acid 

upon the black oxide of manganese termed "Chlorine'*? 
Give some account of the properties of this gas, and name 
any substances known to you that contain it. (13.) 

4. A piece of charcoal is heated in the air until it disappears, 

leaving only a white residue (ash). Give an explanation of 
this change. (10.) 

5. What is the effect of boiling a solution of sal-ammoniac with 

lime or potash.** Name the gas evolved, and state from 
what other sources it can be obtained. (13.) 

6. Group the following bodies as elements or compounds, and 

divide the elements into metals and non-metals : lead, brass, 
brimstone, starch, graphite, mercury, glycerine, clay, alum, 
tin, calcium. (13.) 

7. Name the common ores of iron, and state how cast iron is 

obtained from them. (15.) 

8. What chemical elements are found in chalk, common salt, 

washing soda, blue vitriol, brass, sugar, sugar of lead, and 
soap ? (9.) 

9. How is cane sugar obtained, and in what respects does it 

differ from grape sugar ? (11.) 

10. What is gluten, and how is it obtained? (10.) 

11. How may acetic acid be prepared (i) from alcohol and (2) 

from wood? In what respects does acetic acid resemble 
and differ from sulphuric acid ? (13.) 

12. What is the chemical nature of tallow, butter, soap, and oil ? 

(12.) 



APPENDIX. 

A. 

BRIEF OUTLINE OF THE ATOMIC THEORY. 

All substances can be separated into very minute particles. 

The smallest particles tbat can enter into or be separated from 
elementary substances are called atoms. 

All atoms of the same substances have the same size, and are 
of equal weights ; and the atoms of different substances are also 
(with few possible exceptions) of the same size, but their weights 
differ. 

The atom of hydrogen is the lightest of all atoms, and is there- 
fore, for convenience, taken as a standard of comparison. Thus, 
when we give the ^^ atomic weight^ of oxygen as i6, we simply 
mean that the atom of oxygen weighs as much as i6 atoms of 
iiydrogen. 

Atoms, although they may be liberated singly, cannot exist 
alone, but immediately combine to form molecules. 

Moleonles may therefore be defined as the smallest particles of 
substances (elementary or compound) that can exist alone. 

The molecules of elements generally consist of two atoms. 
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ca 

PA 

SO-, 

S03 

CaO 

AUOj 

Sib^ 

MgO 

FcoOs 

FesO^ 
MdQs 
CnO 

ao 



1. 

H ydr op m oxide or Water . 
Carixxri dioxide .... 
Phosohoiic oxide 
Suipfanr dioxide 
Sniphxxr thoxide . 
Sodimn oxide CSoda ' 
Cairimn oxide .'lime 
AinmniTmn oxide (Ahmuna; . 
Snican oxide (Silica/ . 
^lagnesinm oxide (Ma^rnesia') 
Iron red oxide fRed Hzmadte) . 
Iron black oxide (Magnetic inm ore) 
Manganese dioxide 
Copper oxide Cbiack^ 
Lead oxide (Lithaz^ge) 
Lead oxide (Red lead) 
Mcroin- oxide ^red) . 

2. H^vdmi B b nr SydxnxidflL 

Potassiuro hydrate (Caustic potash • 
Sodium h\'drate 'Caustic soda 1 . 
Calcium hvdiate rfi>'diated lime^ . 



5.finl 



Hydrogeii sulphide (H ydTOSulphimc acid) 

Carbon bisu^i^de 

21iiic sulphide (Blende ; , . . . 
Iran sulphide (PjTites'i .... 

Copper sulphide 

Lead sulphide (Galena^ 
MercuT}' sii^dxide (Cinnabar) . 

4* Oilmdei. 

Hydrogen chloride {Hydrochloric acid) . 
Phosj^orus chloride .... 

Potassium chloride 

Sodium chloride (Commoo salt) . 



KHO 

NaHO 

CaHsO, 



HjS 

CS, 

ZnS 

FeS, 

CiuS 

Pi^ 



pa, 

KQ 
NaQ 



Appendix l6l 

Calcium chloride CaG, 

Zinc chloride ZnCl« 

Iron chloride (Ferrous chloride) . FeCl, 

Antimony chloride SbCl, 

Copper chloride . . CuCI, 

Lead chloride PbCl, 

Mercury chloride (Corrosive sublimate) HgCI^ 

. Iodides. 

Potassium iodide KI 

Mercury iodide Hgl^ 

. Sulphates. 

Hydrogen sulphate (Sulphuric acid) . . H,S04 

Potassium sulphate .... K2SO4 

Sodium sulphate (Glauber's salt) . . Na,S04 

Calcium sulphate (Gypsimi) . . . CaS04 

Barium sulphate (Heavy spar) . . . BaS04 

Aluminium sulphate .... Al,(S04)s 

Magnesium sulphate (Epsom salts) . . MgS04 

Zinc sulphate (White vitriol) . . ZnS04 

Iron sulphate (Green vitriol) . . . FeS04 

Manganese sulphate .... MnS04 

Copper sulphate (Blue vitriol) . . . CUSO4 

Lead sulphate PbS04 

Common or Potash alum * ... K2S04yAl,(S04)s 

Ammonium alum (N H4)2S04,A1,(S04)3 

Soda alum Na2S04,A^(S04)8 

. Chlorate. 

Potassium chlorate .... KCIO, 

;. Nitrates. 

Hydrogen nitrate (Nitric acid) . . . HNO3 

Potassium nitrate (Nitre, Saltpetre) . KNOs 

Sodium nitrate NaNO, 

Copper nitrate Cu(N0j)2 

Lead nitrate Pb(NOj^ 

Mercury nitrate (Mercurous nitrate) . HgNOj 

' The alums, and many other crystalline salts, contain water, known as 
he ** water of crystallisation/' but this has been omitted in the formulae. 
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QtazcaaL pkdDeet ^ Ql 
Carboot btsixiphide» ^ lb» 
MetfayiatecL ^ciint» t pint 
Phospfaoms* I az. 
Gum ma^r, r az. 
Olive ail, 4. cos* 
Manganese diaadde, r Ih. 
Litmus, I oz. 
Iron* reduced, i az. . 

„ horingsy h lb. 

„ filings^ ^ lb. 

^ suipfaatev ^ lb. 

^ sesquiaxide, i az. 
Zinc, gramiiated, i lb. . 
Plarinisrd asbestos . 
Antimony, i az. . 
Turpentine^ 2 az& 
r.ithargBy 2 ozs. 
Lead nitrate, i az. 

,j acetatp. i oz. 
Tlnfbily I sheet 
Cream of Tartar, i oc . 
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3 
3 



Toial .... 
The above prices include bottles and po^-M^g 
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Specimens. 



Plumbago 
Gypsum 
Iron pyrites 
Copper pyrites 
Bleooe 
Galena 



o 

. • . . • . .0 

o 

o 

o 

Cinnabar o 

Heavy spar o 

Native sulphur o 

Kaolin o 

Rock crystal o 

Aluminium . • • ». • . • o 

Alumina o 

Ainmonjum alum o 



£ s. d. 
004 

o 

o 

o 

o 

o 

o 

o 

I 

o 

o 

I 

I 

o 



4 

4 

4 

4 

4 
8 

4 
o 

4 

4 
o 
o 

4 



Soda alum . . .004 

Cast iron 004 

Wrought iron . . » 004 

Haematite 004 

Clay ironstone . . .004 

Bell metal 004 

Hock salt . . . .004 

Grape sugar 004 

Total .... ^098 

Including bottles and packing. 

Apparatus. 

Nest of six beakers o 

Two evaporating dishes — 3 ins. . . . . . . o 

Tripod stand o 

Gauze .0 

Bunsen burner, with rose and jet o 

Test tubes — 2 doz., 6 x | o 

,) 2 doz., S "X- i * ' • • « • .0 

Two glass funnels — 3 ins o 

Packet of filters o 

Retort stand — 3 rings and clip o 

Glass rod — J lb. ........ o 

German flasks — six 4 oz o 

„ two 8 oz. o 

„ one 16 oz o 

Earthenware trough — 12 ins o 

Beehive shelf o 

Glass tubing (various), i lb o 

Spirit lamp o 

Four gas jars — 8 x i J in o 

U-tube — arms 36 ins. and 6 ins., bore J in., small arm 

closed o 

Small funnel for filling above o 

Corks, mixed — 6 doz. . . . « . . . . o 

Barometer tube — straight o 

Pestle and mortar o 

Stoppered bell jar — 30 ozs o 

Gas tray— 6 ins o 

Glass discs, 6 o 
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BOI 

Boiling point of water, 78 

— effects of pressure on, 78 
Bone, xoo 

Brandy, 378 

Brass, aoo 

Breathing of animals, 68 

— of plants, 69 
Brimstone. (JSee sulphur) 
British gum, 369 
Bronze, 300 

Bunsen burner, zzz 



CALCIUM, 97, M4 . , 
— carbonate, formation of, 103 
solution of, Z04 

— chloride, zs, 26, sx, zox 

— hvdrate, 99 

— pnosphate, zoo 

— stearate, 256 

— sulphate, 38, 30, zoo, zz4 
Candle, combustion of, 47^ 60 

— combustion of, in chlonne, Z40 
Caoutchouc, zs 

Carbolic acid, Z09 
Carbon, 58, 90-96 

— bisulphide, zs^ 1Z9 

— combustion of, 58-60, 92 

— compounds, 325 

— dioxide. (jSee carbonic acid gas) 

— in chalk, 97 

Carbonate of lime. {See calcium carbonate) 
Carbonates, Z50 
Carbonic acid, Z50 
Carbonic acid gas, 35 97-Z05 

in air, 48, 59, 60, 67 

• preparation of, zoz 

properties of, zoa 

Carburetted hydrogen, zo8 

Camelian, z68 

Cast iron, 178 

Caustic potash, zsz, Z52, 349, 354 

Caustic soda, Z49, 151, 253 

Cerusite, Z85 

Chalk, 97-ips 

^ composition of, 97 

— structure of, 97 
Charcoal, 90 

— animal, 91 

— combustion of, 59 

— preparation of, 9X 

— vegetable, 9z 
Chemical action, 43 
China clay, 167 
Chloride of lime, Z46 
Chlorides, X50 
Chlorine, i34-z^7 

— action on antimony, Z39 

— action on copper, Z38 

— action on phosphorus, Z37 

— bleaching action of, z^s 

— combustion of candle in, Z40 

— combustion of hydrogen in, Z42 

— combustion of sodium in, 143 

— combustion of turpentine in, 141 

— preparation of, Z3S, X36 

— solution of, Z44 
Chroma alum^ 171 



EME 

Cinnabar, ZZ4, 204 
Clay, z66^z72 

— composition of, z66 

— pn^rties of, Z67 
Clay iron stone, Z77 

Coal and coal gas, Z06-Z09 
Coal, products from, zoo 
Coal gas, combustion of, zo8 

composition of, zoS 

manufacture of, 106 

properties of, Z07 

Coal tar, Z09 
Coke, Z06 

Combustibles, 6z, 92 
Combustion, 59 

— air necessary for, 47 

— of candle, 47, 60 

— of iron, 64, 65 

— of phosphorus, 63 

— of sulphur, 62 

— weight increased by, 65 
Common salt. (5*^^ sodium chloride 
Compressibility of air, 35 
Condensers, 79 

Convection, 77 
Copper, Z53, Z94-302 

— acetate, Z99 

— action of acids on, 198 

— alloys of, 200 

— chloride, Z5, Z38 

— combustion of, in chlorine, Z38 

— displacement of, 201 

— native, Z9S 

— nitrate, Z98 

— ores of, Z95 

— oxidation of, Z96 
— • oxide, Z97 

— properties of, Z94 

— pyntes, XZ4, Z95 

— sulphate, 7, Z98, 20Z 

— sulphide, Z14, Z20 
Corrosive sublimate, 2x0 
Cream of tartar, 244 
Crystallisation, 6 

— of copper sulphate, 7 

— of sulphur, Z4, 117, Z19 
Currents in water, 77 



DEAD SEA, 27 
Decantation, 10 
Decay of organic substances, z6 
Delicpescence, 16 
Density of air, 35 
Dextrin, 269 
Diamond, ^, 95 

— combustion of, 95 
Diffusion of gases, 46 
Distillation, 79 

— of beer, 278 



EFFERVESCING draughts, 
Elements, Z73 
— classification of, 175 
Emerald, Z69 
Emery, Z69 



Index 
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EPS 

Epsom salts, xi4> 220 
Eudiometer, 87 
Evaporation, 3, 53 
Expanaonofair, 34 
Extract of malt, 369 



FATS and oils, 346 -253 
action of alkalies on, 349 

Fat-producing foods, 273 
Fermentation, 280 
Ferrum vidactum, 65 
Filter, 11 
Filtration, 11 
fire-damp, 108 
Flame, iio-iis 
Flesh-forming foods, 273 
Flint, 168 

Flint glass, 171 . . 
Flowers, bleachmg of, 145 
Flowers of sulphur, 115, ii© 
Foods, 273 
Fruit sugar, 263 
Fuller's earth, 167 
Fur in kettles, 30, 104 



GALENA, 114,. 185 ^ 
Galvanised u-on, 218 
Gases, diffusion of, 46 

— solubility of, 21, 22 
German silver, 200 
Glass, 171 

Gluten, 270 

— compoMtion, 371 

— preparation, 373 
Glycerine, 246-249, 253, 254 

— preparation of, 258 

— properties of,«57 

— stearatc, 347 

Gold, 207, 223 

— standard, 333 
Graphite, ^ , ^ , 
Grape sugar, 362. 363, 269 
Guinea gold, 332 

Gum mastic, 15 
Gun metal, 200 
Gypsum {see calcium sulphate^ 28, 

xoo, XX4 



30. 



H' 



ARD water, 30. «56 
X X Hartshorn, 164 
Heat-producing foods, 273 
Heavy carburetted hydrogen, xo8 
Heavy spar, X14 
Hematite, X77 
Honey, 260. 263 
Hydrochlonc acid, 22, X36, X40-X4a, 

X53i 154 „ -^ 
Hydrogen, 82-86 

— combustion of, 00, 8^ ^ 

— combustion of, m chlorine, X42 
in candle, 60 

— lightness of, 83 

— preparation of, 82 
Hydrosulphuric acid, X50 
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LOG 

TCE, 73-75^ . -^, 

1 — specific gravity of, 75 

Impurities in water, 9, 34, 29 

estimation of, 29 

inorganic, 24 

organic, 24 

Indestructibility of matter, 59 
Indigo, X45 , . , 
Inorganic impurities in water, 24 
Insolubility, 8 
Intoxicating liquors, 278 
Iron, X76-X83 

— acetate, 235^ 

— action of acids on, xoo 

— cast, 178^ 

— combustion of, 64, 65 

— galvanised, 218 

— malleable, X78 

— ores of, 177 

— oxidation of, X79 

— oxide. 64, 65, 88, X79, xSt 
reduction of, x8?. 

— properties of, 176 

— pyrites, 114, X2o, X77 

— sulphide, X14, x20, 177 

— test for, x82 

— varieties of, X78 

— wrought, X78 
Iron alum, X7X 
Iron stone, X77 



J 



ASPER, x68 



K 



AOLIN, 167 



LAKES, water of, 27 
Lampblack, 90 

Lead, x84-x93 

— acetate, X9x, 236 

— carbonate, X92 

— chloride, X89 

— nitrate, x88 

— ores of, X85 

— oxides, x86 

— preparation of, 187 

— properties of, X84 

— red, x86 

— soap, 258 

— sugar of, X91, 236 

— sulphate, X90 

— sulphide, 1x4, 185 

— white, X92 
Liebig's condenser. 79 

Light carburetted hydrogen, lOo 

Lime, 97-io5f »55 

— composition of, 97 

— preparation of, 98 

— water, 59> 99 
Limestone, 98, xox 
Litharge. 186 

Litmus, bleaching of, 145 
Loch Katrine, water of, 27 



